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SUMMARY 


The  purpose  of  the  work  performed  is  to  rationally  design  and 
synthesize  selected  novel  organic  compounds  for  malaria  chemotherapy  stud- 
ies. Compounds  prepared  and  studied  include  derivatives  of  monocyclic  and 
polycyclic  aromatic  (benzene,  naphthalene,  and  phenanthrene)  and  heterocy- 
clic compounds  (benzimidazole,  2 , 9-diazaanthracene,  imidazole,  imidazoline, 
isoxazole,  phenothiazine , pyrazole,  pyrazoloj 3,4-d )-v-triazine , pyrimidine, 
quinazoline,  quinoline,  quinoxaline,  sydnone  and  related  mesoionic  com- 
pounds, tetrahydrofuran,  thiadiazole,  thiazole  and  thiazolidine.  This  re- 
port was  prepared  at  Midwest  Research  Institute  under  Contract  No.  DAMD- 
17-76-C-6015 . 

More  than  500  compounds  were  synthesized,  characterized  and  sub- 
mitted to  WRAIR  for  biological  testing.  The  structures  of  all  the  compounds 
synthesized  are  enclosed  in  this  report.  Among  these  compounds  submitted, 
many  were  found  to  possess  antimalarial  activity  against  Plasmodium  berghei 
in  mice,  against  P.  gallinaceum  in  chicks,  as  well  as  prophylactic  activity 
in  sporozoite-induced  mouse  and  chick  tests. 

A total  of  20  publications  resulting  from  our  work  done  in  con- 
nection with  the  malaria  study  appeared  in  the  following  journals:  Journal 
of  Heterocyclic  Chemistry , Journal  of  Medicinal  Chemistry,  Journal  of  Phar- 
maceutical Sciences,  Journal  of  Theoretical  Biology,  and  Mikrochlmlca  Acta. 
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FORKWARD 


Thin  report  was  prepared  at  Midwest  Research  Institute  under 
Contract  No.  DAMD-17-76-C-601 5 with  the  U.S.  Army  Medical  Research  and 
Development  Command.  The  work  was  carried  out  under  the  direction  of 
Dr.  C.  C.  ChenR,  Principal  Invest tRMtor.  The  synthetic  work  was  performed 
by  Dr.  C.  C.  ChenR,  Dr.  PIur-Lu  Chlen,  Dr.  Shou-Jen  Van,  and  Mr.  William  H. 
Burton. 
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This  Is  the  Final  Report  from  Midwest  Research  Institute  (MR1) 
under  Contract  No.  DAMD- 1 7-76-C-6015  with  the  ll.S.  Army  Medical  Research 
and  Development  Command  on  synthesis  of  rationally  designed  organic  com- 
pounds for  malaria  chemotherapy  studies.  The  present  contract,  which 
covered  the  period  from  1 June  1975  through  30  September  1977,  Is  a con- 
tinuation of  the  Contract  No.  DA(DA)-A9-193-MD-2749  which  covered  the 
period  from  1 June  1965  through  31  May  1975. 

A total  of  AO  compounds  have  been  synthesized,  characterized, 
and  submitted  for  antimalarial  evaluation.  These  compounds,  together  with 
521  compounds  prepared  during  the  aforementioned  earlier  contract,  com- 
prised a total  of  561  compounds  synthesized  by  the  Medicinal  Chemistry 
Section  of  Midwest  Research  Institute  for  the  Walter  Reed  Army  Institute 
of  Research  of  the  ll.S.  Army  Medical  Research  and  Development  Command. 
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11.  RESULTS  AND  DISCUSSION 


A.  3-Plperonylsydnono  and  Rotated  Compounds 

The  unique  antlmalarial  activity  exhibited  by  3-piperonylsydnone 
prompted  us  to  search  for  its  mode  of  action  and  better  analogs  by  synthe- 
sizing its  possible  precursors  and  metabolites  as  well  as  structural  modi- 
fications of  the  parent  compound.  This  included  the  preparation  of  other 
piperony 1-subst i tuted  sydnones  and  related  mesoionic  compounds  (anhydro- 

1 . 2 . 4- t r iazol ium  hydroxides,  anhydro-1 , 3, 5-oxad iazol ium  hydroxides,  anhydro- 

1 . 2 . 3 .4- oxat r iazol ium  hydroxides)  as  well  as  piperony 1-subst i tuted  pyrazoles, 
isoxazoles,  thiazoles,  1,3,4-oxadiazoles,  1,3,4-thiadiazoles,  1,2,4-triazoles, 
imidazoles,  tetrazoles,  pyrimidines,  and  1,2,4-triazines.  All  UR  designa- 
tion numbers  are  provided  together  with  structures  and  names  of  compounds 

in  Section  III  to  assist  in  retrieval  of  data. 


A- 1 (WR-4033)  A- 2 (WR-40070) 


Among  these  compounds,  3-piperonylsydnone  (A-l,  WR-4033)  was  shown 
to  be  active  against  P.  berghei . 2 , 4-Diamino-5-piperonylpyr imid ine  (A-2, 

WR-40070)  was  found  also  to  be  active  against  P.  berghei  in  mice,  against 
P.  ga 1 1 Inaceum  in  chicks,  and  inhibited  the  growth  of  Streptococcus  faecal  is , 
Lactobacillus  easel  and  Pedlococcus  cerevlslae.  Its  pattern  of  action  was 
found  to  be  different  from  that  of  a closely  related  compound,  trimethoprim 
[ 2 , 4-d iamino-5- (3,4,5- 1 r ime  thoxybenzy 1 ) py r imid ine ] . 


Antimalarial  activity  against  Plasmodium  berghei 


Compound 

80 

160 

320 

640 

1^280 

WR-4033 

+5.6 

+8.2 

+11.4 

+15.8 

5T 

WR-40010 

+1.2 

+4.8 

+5.6 

2C 

Detailed  discussion  and  experimental  procedures  have  been  reported 
in  our  Annual  Progress  Reports  Nos.  1 through  5 as  well  as  in  the  following 
pub  1 ic at  ions : 
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W.  H.  Nyberg  and  C.  C.  Cheng,  "3-Piperonylsydnone.  A New  Type  of  Antimalar- 
ial  Agent,"  J.  Med.  Chem. . 8,  531  (19b5). 

S.  C.  Boots  and  C.  C.  Cheng,  "Structural  Modification  Studies  of  3-Piperonyl- 
sydnone.  I.  Synthesis  of  Piperonyl-Substituted  Pyrazoles,  Isoxazoles, 
Triazoles,  Oxadlazoles  and  Thiadlazoles, " J.  Heterocycl.  Chem.,  4,  272 
(1967). 

W.  H.  Burton,  W.  L.  Budde,  and  C.  C.  Cheng,  "Structural  Modification  Studies 
of  3-Piperony Isydnone . II.  Synthesis  of  Piperonyl-Substituted  Hydantoin, 
Thiohydantoin,  Thiazol id ined tone,  Rhodanine,  lmidazol inone , and  Related 
Compounds,"  J . Med . Chem. , 13,  1009  (1970). 

D.  J.  McCaustland,  W.  H.  Burton,  and  C.  C.  Cheng,  "Structural  Modification 
of  3-Piperony Isydnone.  111.  Some  Analogs  of  3-Piperony Isydnone  and  2,4- 
Diamlno-5-piperony Ipyr imidine ,"  d. Heterocycl.  Chem.,  8,  89  (1971). 

B.  Phenothiaz ine  Dioxides 


A combination  of  the  essential  structural  features  of  t Ire  ant i- 
malarials  4,4'-diaminodiphenyl  sulfone  (DOS,  B-la),  its  acetylated  deriva- 
tive B-lb  (DADDS),  2 ,4-b  is  (subst  i t utod  imino)dipheny Imethanes  (B-2),  and 
Methylene  Blue  (B-3)  has  resulted  in  the  synthesis  of  five  2 , 7-bis (subst i- 
tuted  amino)phenothiazlne  5, 5-dloxides  (B-4). 


so. 


1 

2 


B-4 

WR-28450  (Rj  - H,  R,  - COCH3) 
WR-28776  (R, , R2  - H) 

WR-30210  iRj  - H,  R2  - C.,H^) 
WR-3021 1 (Rj  - H,  Rt  - CHj'j 
WR-31872  (R ! , R2  - CHj) 
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Antimalarlal  evaluation  results  revealed  that  compounds  of  this 
type  did  not  show  activity  against  P.  berghei  in  mice.  Apparently  the  rigid 
phenothlazine  dioxide  ring  system  failed  to  retain  the  original  antimalarlal 
activity  of  B-l,  B-2  and  B-3. 


For  detailed  discussion  and  experimental  procedures,  see  our 


Ant iraalar ial  activity  against  Plasmodium  berghel : 


Dosage 

(mg/kg) 

Compound 

20 

40 

80 

160 

320 

640 

WR-8715 

+0.7 

+2.7 

+4.7 

WR-47710 

+0.5 

+0.5 

+0.7 

WR-47714 

+0.7 

+1.3 

+4.1 

WR-56636 

+0.2 

+0.2 

+1.4 

+3.2 

+4 . 8 

+6.0 

Detailed  discussion  and 

experimental 

. procedures  of 

these 

compounds 

were  given  in  our  Annual  Progress  Reports  Nos.  1 and  2 as  well  as  in  the  fol- 
lowing publication:  P.-L.  Chien  and  C.  C.  Cheng,  "Synthesis  and  Antimalarial 
Evaluation  of  Some  1 , 7-Naphthyridines  and  2,9-Diazaanthracenes,"  J,  Med. 

Chem. , 11,  164  (1968). 


D.  Pyrazolo[3,4-d]-v-triazine  and  Related  Compounds 


In  connection  with  our  previous  work  on  pyrazolo[3,4-ci]pyriraidines, 
4-hydroxypyrazolo[3,4-d]-v-triazine  (D-l,  WR-51898A)  and  related  compounds 
(WR-10412,  WR-10461,  WR-10485,  WR-45684,  WR-51897,  WR-81791,  WR-90210, 
WR-92104,  WR-92443 , WR-94409,  WR-95564,  AC-16712,  AT-70202,  and  AT-70211) 
were  synthesized.  Compounds  of  this  type,  which  are  structural  analogs  of 
hypoxanthine,  could  well  be  inhibitors  of  xanthine  oxidase  and  thereby  are 
potential  antagonists  of  purine  metabolism.  However,  antimalarial  activity 
of  compounds  of  this  type  versus  P.  berghei  was  not  significant  for  addi- 
tional study. 


During  our  synthetic  study  of  the  pyrazolo[ 3,4-d]-v-triazine  ring 
system,  a method  of  introducing  a nitro  group  at  position  5 in  the  pyrazole 
ring  was  also  uncovered. 

Detailed  discussion  and  experimental  procedures  of  these  compounds 
were  given  in  our  Annual  Progress  Reports  Nos.  2 and  3 as  well  as  in  the  fol- 
lowing publications: 
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C.  C.  Cheng,  R.  K.  Robins,  K.  C.  Chons,  and  l).  C.  l.in,  "Pyrazoles.  1.  Syn- 
thesis of  4-Hydroxypyrazolo( 3,4-d )-v-triuzine.  A Now  Analog  of  Hypoxan- 
thlne,"  J.  Pharm.  Sci.,  57,  1044  (1968) . 

C.  C.  Cheng,  "Pyrazoles.  11.  Reactions  of  1-Methy l-S-amlno-4-pyrazolecar- 
boxamide  and  Nitrous  Acid.  Introduction  of  a Nitro  Croup  at  Position  5 
In  the  Pyrazole  King,"  .1.  Heterocycl.  Chem.  , 5 , 195  (1968). 

K.  Pyrlmid  lues,  Furoxans,  and  Furazans 

As  a means  of  ensuring  the  binding  of  a drug  to  the  erythrocytes, 
where  it  may  exert  its  maximum  effect  on  the  schizontal  form  of  the  malaria 
parasite,  some  selected  ring  systems  of  biological  interest  were  selected. 
Some  2 , 4 , 5-t r isubst ituted  pyrimidines  (AD-488,  AD-497,  AF-11794,  AF-55643, 
AF-59374 , AF-59383,  AF-59392,  AF-93009,  AF-93018,  AF-93027,  AF-93036, 

AF-9307 2 , AS-37024,  AS-37042,  AS- 39920,  AS- 39930,  AS- 39948,  AS-59468, 

AS- 59486,  AS-59495,  AT-15961,  AT-15943,  AT-17714,  AT-17698,  AT-70195, 

AT-88259 , AT-88268,  AT-88277,  AT-90697,  AT90704,  and  AT-90713),  furoxans 

(AF-12648,  AF-12657,  AF-16020,  AF-55652,  AF-55670,  AF-55698,  AF-93054, 
AF-93063,  AS-37051 , AS-37060,  AS- 39957,  AS- 39966,  AS-59459,  AS-59477, 

AT- 17 64 3,  and  AT-17661)  and  furazans  (AF-16011,  AF-55661,  AF-55689,  AF- 59409, 
AF- 59445,  AF-93045,  AS-37015,  AS-37033,  AS-37097,  and  AT-17670)  were  there- 
fore synthesized. 

Detailed  discussion  and  experimental  procedures  were  given  in  our 
Annual  Progress  Reports  Nos.  3 and  4. 


F . 1 , 5- Naph t hyr i d i nes 

Incorporation  of  the  structural  features  of  chloroquine  ( F— 1 . a 
4-aminoquinol ine  derivative  and  a schizontocidal  drug)  and  pamaquine  (F-2, 
an  8-aminoquinol ine  derivative  and  a gametocy tocidal  drug)  resulted  in  the 
design  and  synthesis  of  7-chloro-4- (4-d iethv lamino- l-methy lbu ty lamino)-2- 
metho-xy-1 , 5-naphthyr id ine  (F-3a),  5-azachloroquine  (F-3b),  and  5-azapama- 
quine  (F-3c).  Further  structural  modification  of  1 , 5-naphthyr id ines, 
wherein  a 2-oxo  group  is  incorporated  into  the  naphthyridine  ring  system 
(such  as  F-4a  and  F-4b) , was  also  studied. 


p 

HN-CH-(CH2)3-N(C2H5)2 


CH, 


6 


- ,, ■ ■■ 


CH 


3 


CH , 

i ■» 


HN- 


CH-(CH2)3-N(C2H5)2 


b. 

c . 


Cl,  Y 
X - Cl.  Y 
H, 


X 


Y - 


OCH  j (AT- 702 39) 
H (AU-93237) 
OCH  j (WR-90010) 


F-Aa.  X 
b.  X 


H (BC-893AA) 
Cl  (BH-03027) 


Antlraalarlal  activity  against  P.  berghei : 


Dosage  (mg/kg) 


Compound 

20 

AO 

80 

160 

320 

6A0 

AU-93237 

+0.3 

+2.9 

+8.5 

+8.9 

+10.5 

+1A.2 

(1C) 

Chloroquine  diphosphate 

+6.6 

+7.  A 

+8.0 

+8.5 

10T 

.OT 

Preceding  data  indicated  that  5-azachloroquine  (AD-93237)  possessed 
antimalarial  activity  against  P.  berghei  comparable  to  that  of  chloroquine 
but  was  less  toxic.  For  detailed  discussion  and  experimental  procedures,  see 
our  Annual  Progress  Reports  Nos.  2,  3,  A,  and  12  as  well  as  the  following 
publication:  D.  J.  McCaustland  and  C.  C.  Cheng,  "1 , 5-Naphthyr idines.  Syn- 
thesis of  7-Chloro-A- (A-diethy lamino-l-methylbuty lamino)-2-methoxv-l ,5-naph- 
thyridine  and  Related  Compounds,"  J,  Heterocycl.  Chem. , 2»  ^67  (1970). 


G.  Analogs  of  Febrlfugine 

In  connection  with  a structural  modification  study  of  the  antima- 
larial  alkaloid  febrlfugine,  for  which  resistance  by  plasmodia  strains  has 
not  yet  been  reported,  the  following  methvlenedioxy  analogs  of  febrlfugine 
and  related  methyl  ethers  were  synthesized. 
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G-la . + R2  = 0CH20;  R3,  R4  = H;  R5  = CH3  (AU-93246) 

b.  R2  + R3  = 0CH20;  R]t  R4  = H;  R3  = CH3  (WR-90212) 

c.  R2  + R3  = 0CH20;  R:>  R4,  R5  = H (WR-92103) 

d.  R3  + R4  = 0CH20;  Rlt  R2  = H;  R5  = CH3  (AU-13211) 


Antimalarial  activity  against  P.  berghei : 


Dosage  (mg/kg) 


Compound 

2.5 

5 

10 

20 

40 

80 

160 

320 

AU-13211 

+1.4 

+1.7 

+4.9 

+5.8 

+7.8 

5T 

AU-93246 

+0.3 

+0.4 

+0.5 

+3.4 

+ 

00 

+5.9 

WR-90212 

+0.6 

+1.4 

+1 . 6 

+2.8 

+4.4 

+7.4 

WR-92103 

+1.3 

+1.3 

+4.5 

+4.9 

5T 

5T 

5T 

Febrifugine 

+2.1 

+4.3 

+6.1 

+8.8 

Detailed  discussion  and  experimental  procedures  were  reported  in 
our  Annual  Progress  Reports  Nos.  2 through  5 and  in  the  following  publica- 
tion: P.-L.  Chien  and  C.  C.  Cheng,  "Structural  Modification  of  Febrifugine. 

Some  Methylenedioxy  Analogs,"  J.  Med.  Chem. , 13,  867  (1970). 


H . Phena n t hre ne_  Amlnoa  Icoho  Ijj 

A systematic  structure-activity  relationship  study  on  antimalar- 
ial phenanthrene  aminoalcohols  was  conducted,  with  particular  emphasis  on 
the  side  chain  modification.  In  addition  to  uncovering  many  compounds  with 
excellent  antimalarial  activity  (several  compounds,  such  as  AX-27845, 
AX-29812,  AX-29821,  AY-64567,  and  AY-65779,  possessed  activity  at  10  mg/kg 
and  are  curative  at  20  mg/kg  against  P.  berghei  with  no  toxicity  to  the 
host),  the  following  observations  were  also  made: 

1.  The  antimalarial  activity  of  compounds  of  type  Ar-CHOH-CH2-NHR 
is  of  slightly  higher  order  than  that  of  type  Ar-CHOH-CH2-NR2  (R  / H). 

2.  Alkyl  N-substitution  in  the  a-piperidyl  function  on  the  side 
chain  yields  compounds  of  activity  comparable  to  those  of  the  corresponding 


KL— .. 
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N iinsuhst  i t tit  ed  derivatives.  In  Horn*’  cases,  Int  roduct  Ion  ol  .'in  alkvl  t < • « 1 1 ' 
facilitates  separat  ton  of  d last  ereomers . 

I.  blast ereomers  prepared  by  vis  possess  itt  t t pi  put  .nittm.il.iit.il 
activity  and  toxicity. 

4.  The  basicity  of  t lie  N atom  (tltp  "basic  contpr")  on  the  side 
chain  plays  an  Important  role  in  ant  (malarial  activity.  For  example,  sub- 
stitution on  N with  an  otltoxycarbonyl  or  an  alkvl  carbonyl  group,  which  re 
duces  the  basicity  of  the  N atom,  nullifies  the  original  activity. 

t . The  Importance  of  the  baste  center  on  the  side  chain  can  be 
further  demonstrated  by  the  fact  that  the  activity  of  several  phenantbrene 
amlnoalcohols  having  bnlkv  groups  substituted  at  the  N atom  t'Voncoaled" 
basic  ('enters)  on  the  side  chain  Is  reduced  oi  abolished. 

(i.  On  the  other  hand,  the  presence  ot  more  than  one  basic  N on 
the  side  chain  not  only  nullities  the  ant (malarial  activity,  but  sometimes 
Increases  toxicity  to  t he  host . 

7.  The  order  of  activity  ot  three  substituted  phenantbrene  i tugs 
studied  (with  Identical  amlnoatcohol  side  chains)  is:  l,h-hls(trlf luoro 
methyl)-  ' l , b-d leh loro-  ' b-bromophenant hrene . 

8.  Insert  ton  of  a -i'll.-  linkage  between  the  carblno  l carbon  and  the 
N atom  does  not  appreciably  alter  the  original  activity. 

Three  '^tl- labeled  phenantbrene  amlnoalcohols  (II  l,  H-.’a  and  II  7b) 
were  synthesized  (WK  designation  not  gtvi'n). 


o 


1 


Ant tmalarinl  activity  against  P.  berghel: 


Dosage  (mg/kg) 


Compound 

1°. 

20 

40 

80 

160 

320 

640 

AW-20958 

(MO-362) 

+0.3 

+0.3 

+0.5 

+7.3 

3C 

4C 

5C 

AW-45026 

(MO- 364) 

+0.  3 

+0.5 

+0.7 

+7.1 

+14.3 

3C 

5C 

AX-20828 

(MO- 368) 

+0.5 

+1.1 

+15.1 

3C 

5C 

5C 

AX-20837 

(MO- 367) 

+0.7 

+0.7 

+0.9 

+5.9 

+14.4 

5T 

AX-25476 

(MO-371) 

+0.  3 

+0.  3 

+0.5 

+3.  7 

+5.1 

3C 

AX-25485 

(MO- 37 2) 

+3.3 

+8.6 

+13.9 

3C 

5C 

5C 

5C 

AX- 2 590 3 

(MO-373) 

+0.5 

+0.7 

+11.5 

3C 

5C 

5C 

5C 

AX-27836 

(MO- 3 78) 

+10.3 

+12.7 

+16. 1 

3C 

5C 

5C 

/IX- 2 7 84  5 

(MO- 3 79) 

+7.9 

1C 

3C 

5C 

5C 

5C 

AX-28691 

(MO- 381) 

+13.7 

+16.3 

5C 

5C 

5C 

5C 

5C 

AX-29812 

(MO- 38 3) 

+11.1 

2C 

5C 

5C 

5C 

5C 

5C 

AX-29821 

(MO- 384) 

+11.3 

2C 

5C 

AX-58797 

(MO- 37 7) 

+3.1 

+ 10.1 

1C 

2C 

5C 

5C 

5C 

AX-66628 

(MO-388) 

+0.3 

+0.4 

+6.  3 

+12.8 

+2C 

5C 

5C 

AX-68033 

(M0- 389) 

+15.1 

4C 

5C 

5C 

5C 

5C 

5C 

AY-61388 

(MO-391) 

+0.5 

+1.1 

+5.3 

+10.4 

2C 

4C 

5C 

AY-62367 

(MO- 394) 

+0.8 

+10.4 

3C 

5C 

5C 

AY-64567 

(MO- 398) 

+9.9 

3C 

5C 

5C 

5C 

5C 

5C 

AY-65779 

(MO-400) 

+6.9 

2C 

4C 

5C 

5C 

5C 

5C 

AY-99935 

(MO-411) 

+0.5 

+0.5 

+0.5 

+5.5 

1C 

2C 

5C 

Detailed  discussion  and  experimental  procedures  were  given  In  our 
Annual  Progress  Reports  Nos.  5 through  9 and  In  the  following  publications: 

P.-L.  Chtcn,  D.  ,1.  McCaust  1 and , W.  11.  Burton,  and  C.  C.  Cheng,  "Structure- 
Activity  Relationship  Studies  on  Ant tmalarinl  Phenanthrene  Amine  Alcohols. 
Modification  of  the  Side  Chain,"  .1 . Med . Chem. , 15,  28  (1972). 

P.-L.  Chien  and  C.  C.  Cheng,  "Synthesis  of  Three  ' ^C-Labe 1 led  Phenanthrene 
Amlnoalcohols,"  Mlkrochlmtca  Acta,  401  (1973). 

P.-L.  Chien  and  C.  C.  Cheng,  "Further  Side  Chain  Modifications  of  Ant (malar- 
ial Phenanthrene  Amino  Alcohols,"  .1.  Med . Chem.,  lb,  1093  (1973). 

P.-L.  Chien  and  C.  C.  Cheng,  "Difference  in  Ant (malarial  Activity  Between 
Certain  Amino  Alcohol  Diastereomers,"  .1.  Med.  Chem.,  19,  170  (1976). 


I . Naphthylamlnes 

Several  deaza  analogs  of  4-amlnoquinolines  (e.g.,  chloroquine, 
1-1),  6-nminoquinolines  (1-2)  and  8-aminoquinol ines  (e.g.,  pamaquine,  1-3) 
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were  synthesized  to  study  the  Importance  of  those  ring  nitrogen  atoms  to 
antlmalarial  activity.  A total  of  four  target  compounds  [1-4  (WK-  ‘14797) , 

1 5a  (AY— 96121),  I— 5b  (AY— 64576)  and  1—6  (AY-95580)]  were  prepared  for  this 
investigation. 


H-CH-(CH2)3-N(C2H5)2 


'3  X 


(h5c2)2n-(ch2) 3-ch-nh 


(X  - H,  OCH,) 


NH-CH-(CH2)3-N(C2H5)2 


CH3-CH-(CH2)3-N(C2H5)2 


1-4  (Wg-94797) 


?H3  l 

(H5C2)2N-(CH2) 


CH3°W\ 


I- 5a . X - 11  (AY-96121) 
b.  X - OCH3  (AY-6457b) 


ch3-ch-(ch2)3-n(c2h5)2 

1-6  (AY-95580) 


Compounds  1-4,  l-5a  and  1-6  failed  to  show  any  antlmalarial  activ- 
ity but  compound  1 — 51>  had  a quinine  equivalent  of  14  for  SDg()  (daily  dose 
required  for  90S  suppression  of  the  parasitemia)  and  Q - 20  for  sn7(3.  For 
detailed  discussion  and  experimental  procedures,  see  our  Annual  Progress 
Report  No.  7 and  the  following  publication:  0.  .1.  McCaustland,  P.-L.  Chien, 
C.  C.  Cheng,  .1.  Novotny,  W.  1,.  Schreiner,  and  K.  W.  Starks,  "Deaza  Analogs 
of  Some  4-,  6-,  and  8-Aminoquinolines,"  J.  Med.  Chem. , 16,  1311  (1973). 
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Analogs  of  2- (£-Chioropheny 1 )-2- (4-piper  idyl ) t et rahydrofur an 

Structural  modification  study  of  the  antlmalarlal  compound  2-(j>- 
chlorophenyl)-2-(4-piperidyl)tetrahydrofuran  (J-la)  was  carried  out  in  a 
systematic  and  comprehensive  manner.  This  Included  modifications  of  the 
tetrahydrofuran  portion,  the  £-chlorophenyl  portion,  and  the  piperidyl  por- 
tion as  well  as  combined  modifications.  Although  compounds  in  this  series 
have  a rather  narrow  margin  of  activity  for  structural  alterations  [see 
J-lb  (BB-44064)],  several  open-chain  analogs  of  this  tetrahydrofuran  com- 
pound, such  as  J-2a  (AY-91395)  and  J-3,  did  show  very  interesting  antiraa- 
larial  activity. 


X 

J-la.  X - Cl  J-2a.  R - H (AY-91395)  J-3  (BD-54453) 

b.  X - F (BB-44064)  b.  R - CHj  (BB-48428) 

c.  R - C2H5  (BC- 59211) 


Antlmalarlal  activity  against  P.  berhel: 


Dosage  (mg/k 


Compound 

1° 

20 

40 

80 

160 

320 

640 

AY-91395 

(MO-403) 

+0.3 

+0.5 

+0.9 

+ 3.1 

+7.1 

2C 

5T 

BB-44064 

(MO-419) 

+0.  5 

4T 

5T 

BB-48428 

(MO-423) 

+0.3 

+0.5 

+1.1 

+4.4 

+5.1 

2C 

BC- 59211 

(MO-436) 

+0.3 

+1.2 

+3.9 

+6.2 

+7.7 

+9.9 

BD-54453 

(MO-456) 

+0.1 

+0.3 

+0.  5 

+1.1 

2C 

3C 

Detailed  discussion  and  experimental  procedures  were  given  in  our 
Annual  Progress  Reports  Nos.  7 through  9 and  in  the  following  publication: 

D.  J.  McCaust land , P.-L.  Chien,  W.  H.  Burton,  and  C.  C.  Cheng,  "A  Structural 
Mini  if  lent  ion  Study  of  the  Antlmalarlal  2- (£-Chlorophenyl)-2- (4-plperldyl )- 
tetrahydrofuran,"  J.  Med.  Chem. , 17,  993  (1974). 
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K . Analogs  of  Furanoroycln 


Structural  modification  of  the  antibiotic  furanomycln  (K-l),  a 
heterocyclic  amino  acid  which  displayed  activity  against  P.  berghel , was 
conducted.  However,  none  of  the  analogs  synthesized  were  found  to  be  ac- 
tive against  P.  berghel. 

r\_ f°2" 

K-l 


Detailed  discussion  and  experimental  procedures  were  given  in  our 
Annual  Progress  Reports  Nos.  9 and  10. 

L.  q , R-Unsatu rated  Amino  Acids  and  Related  Compounds 

The  fact  that  nisln,  a peptide  antibiotic,  contains  a.R-unsaturated 
amino  acids  dehydroalanine  (L— 1 ) and  8-methyldehydroalanine  (1.-2)  possessed 
antimalarial  activity  against  P.  berghel  prompted  us  to  synthesize  some  amino 
acids  containing  the  «,8-unsaturated  linkage. 

ch2=c-co0h  ch3-ch«c-co2h 

nh2  " nh2 

L-l  L-2 


In  addition,  other  amino  acid  derivatives  designed  as  L-isoleucine 
antagonists  were  also  synthesized  since  I,-isoleucine  is  virtually  absent 
from  most  hemoglobins.  L-Isoleuclne  antagonists  therefore  may  interfere 
with  the  protein  synthesis  of  malaria  plasmodia. 

Detailed  discussion  and  experimental  procedures  are  described  in 
our  proposal  B-1579  (1974)  and  in  our  Annual  Progress  Report  No.  10. 


M.  Potential  Prophylactic  Antimalarial  Agents 

Based  on  a working  hypothesis  developed  in  this  laboratory  (vide 
infra) , a variety  of  compounds  containing  a specific  triangular  structural 
feature  were  synthesized.  For  detailed  discussion  and  experimental  proce- 
dures, see  our  Annual  Progress  Reports  Nos.  10  and  11  as  well  as  the  follow- 
ing publication:  S.  J.  Yan,  W.  H.  Burton,  P.-L.  Chien,  and  C.  C.  Cheng, 


"Potential  Causal  Prophylactic  Ant imalarial  Agents.  Synthesis  of  Quinoxa- 
line.  Benzimidazole,  and  Alkoxybenzene  Derivatives  Containing  a Novold i amine 
Moiety,"  J.  Med.  Chem.  , J_5 , 297  (1978). 


N .  Deazafebrlfuglnes 


Based  on  another  working  hypothesis  developed  in  this  laboratory 
(vide  infra),  syntheses  of  two  deaza  analogs  (N-la  and  N-lb)  of  the  anti- 
malarial  alkaloid  febrifugine  (N-2)  were  studied. 


Detailed  discussion  and  experimental  procedures  of  this  study 
can  be  found  in  our  Annual  Progress  Reports  Nos.  10  through  12. 


O . 8 - Aminoqulnol lnes 

In  connection  with  a search  of  analogs  of  primaquine  (0-1)  with 
higher  antimalarial  activity  and  lower  toxicity,  several  compounds  were 
synthesized.  All  of  these  compounds  were  found  to  be  less  toxic  than  the 
parent  primaquine  and  one  of  these,  8- (6-amino-3-hexy lamino)-6-methoxy-4- 
methylquinoline  (0-2a,  WR-215761) , displayed  outstanding  activity  against 

P.  berghel  as  well  as  exhibiting  excellent  prophylactic  antimalarial  activ- 
ity In  Schmidt's  rhesus  (SR)  monkey  tests  against  P.  cynomolgl. 


CH-, 


YY* i 

ch3o. 

fyS 

NH 

| 

1 

NH 

:h3-ch-(ch,)3-nh2 

1 

r-ch-(ch2)3-nh2 

0-1 

0-2a. 

R - C2H5  (WR-215761) 

b. 

R - (CH2)2-CH3  (WR-226573) 

c. 

R - CH(CH3)2  (VR-235202) 
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Antimalarial  activity  against  P.  berghei : 

AMST  (days)  after  a single  sc  dose  (mg/kg) 


Compound 

20 

40 

80  160 

320 

640 

Primaquine 

+4.0 

+5.0 

+9.4  +10.8 

5T 

5T 

WR-215761 

+7.3 

+7.9 

(2T) 

+9.7  +11.5 

5C 

5C 

WR-226573 

+3.1 

+4.1 

+5. 7 +6. 3 

+9.1 

+12.3 

WR-235202 

+3.4 

+5.2 

+6.8  +7.8 

+7.2 

1C 

(1C) 

Prophylactic 

antimalarial  ac 

tivity 

against  P.  cynomolgi: 

Dosage  (mg/kg) 

Compound 

0.0625 

0.125 

0.25 

0.5 

1.0 

WR-216571 

0/2  C 

6/7 

C 

4/4  C 

1/1  C 

1/1  C 

A manuscript  entitled  "Synthesis  and  Antimalarial  Activity  of 
8- ( l-Alky l-4-aminobutyl amino) -6-methoxy-4-me thy lquinol ines"  by  S.-J.  Yan, 
P.-L.  Chlen  and  C.  C.  Cheng  was  submitted  to  WRAIR  on  28  February  1978  for 
approval.  For  a detailed  discussion  and  experimental  procedures  of  com- 
pounds in  this  series,  see  our  Annual  Progress  Reports  Nos.  9,  11  and  12. 


P.  Three  Working  Hypotheses  for  the  Rational  Design  of  Antimalarial  Agents 

During  the  past  12  years  of  our  investigation,  we  uncovered  the 
existence  of  three  common  structural  features  among  different  groups  of 
antimalarials.  These  structural  features  should  assist  in  the  rational 
development  of  novel  antimalarial  agents. 

1.  First  hypothesis:  Antimalarials  acting  mainly  as  blood 
schizontocides,  such  as  quinine  (P-1),  aminoalcohols  illustrated  by  general 
structures  (P-2-  through  P-4),  tetrahydrofuran  derivatives,  such  as  P-5,  and 
the  related  open-chain  compound  P-6. 
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J$r 


W0\  ^(CH2)n-NHR 
C.H 


CH3nrt 


x~r  I 


HO.  -™2N^ 


fV-x 

ch3-ch2-o-c — m 


Each  compound  Is  composed  of  three  parts;  a planar  (aromatic  or 
heteroaromatic)  ring,  an  oxygen-containing  portion,  and  a nonplanar  nttrogen- 
containlng  portion.  Examination  and  comparison  of  Drelding  and  Briegleb- 
Stuart  molecular  models  revealed  that  the  oxygen  and  the  nitrogen  atoms  are 
in  close  proximity  to  each  other  in  these  molecules  and  they  are  linked  by 
hydrogen  bonding  (the  H-atom  can  be  contributed  by  either  0 or  N)  to  form 
a five-  or  six-membered  ring,  as  shown  in  P-7  and  P-8  (n  » 1 or  2). 


\ 

Ar — C 


The  interatomic  distance  between  the  oxygen  atom  and  the  nitrogen 
atom  and  the  distance  of  each  of  the  aforementioned  atoms  to  the  center  of 
the  aromatic  (or  heteroaromatic,  as  the  case  may  be)  ring,  to  which  the  side 
chain  is  attached,  were  measured  and  are  presented  in  Figure  1. 


lb 


I 

I I 

1 
I 
I 

I 

lb 

Figure  1 

1. 

It  is  possible  that  these  compounds  may  bind  to  pertinent  receptor 
sites  of  certain  biopolymers  of  malarial  parasites.  The  n-deficient  planar 
ring  systems  may  act  as  charge-transf er  acceptors  in  the  formation  of  com- 
plexes with  biopolymers. 

I 

This  observation  was  reported  in  1971  [ J.  Pharm.  Sci. , 60,  1590 
(1971)].  Interestingly,  a proposed  triangulation  feature  for  a-adrenergic 
receptors  (Figure  2)  among  a number  of  phenethylamines  (epinephrine,  norepi- 
nephrine, etc.)  containing  a similar  aminoalcohol  side  chain  [B.  Pullman  et 
al.,  J.  Med.  Chem. , 15,  17  (1972)]  bears  a marked  resemblance  to  our  pro- 
posed feature.  The  distance  between  the  N and  the  0 atoms  has  also  been 
confirmed  by  Professor  W.  Peters'  group  in  F.ngland  [D.  C.  Warhurst  and 
S.  C.  Thomas,  Trans.  Royal  Soc.  Trop.  Med.  Hyg. , 67 , 15  (1973)]  in  their 
antimalarial  schizontocides  study. 

i 


I 


Figure  2 

l 

2.  Second  hypothesis:  Antima lar ia Is  acting  mainly  as  causal 

[prophylactic  agents,  such  as  8-aminoquinol ines  (P-9),  6-aminoquinolines 
(P-10,  P-11),  naphthoquinones  (e.g.,  P-12),  and  others,  have  a common 
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structural  feature  composed  of  three  electronegative  atoms  (N,  0,  etc.) 
substituted  around  a benzene  nucleus  at  positions  1,  2,  and  4,  with  mini- 
mum distances  between  each  atom  as  shown  in  Figure  3 [J.  Med.  Chem. , 63, 
307  (1974)). 


3 

r2n-(ch2)3-<!:h-nh 


X R' 


CH3-CH-(CH2)3-NR, 


,(CH2)2-N(C2H5)2 

'(CH2)2-N(C2H5)2 


(ch2)8 


o 


» \ V 


o 


■5.5  A 


Figure  3 


The  second  structural  feature  probably  encompasses  most  agents 
that  participate  In  biological  redox  reactions.  While  the  proposed  struc- 
tural feature  serves  only  as  a working  hypothesis  for  a search  of  new  types 
of  antimalarials,  it  nevertheless  differentiates  some  classes  of  compounds 
containing  similar  functional  groups.  For  example,  the  4-aminoquinol ines 
(such  as  chloroquine)  and  9-aminoacridines  (such  as  mepacrine),  although 
containing  the  same  dialkylaminoalkylamino  side  chain,  differ  in  their  mode 
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ot  .-it' clou  from  the  h-  ami  t ho  8-aminoqu  lm>l  lues  since  both  of  tho  fonnor 
compounds  lack  tho  proposed  comroon  structural  teature. 

3.  Third  hypothesis:  A common  structural  feature  between  the 
synthetic  antlmalarlal  chloroqulne  and  the  antlmalarlal  alkaloid  febrlfugine 
was  noted  (.1.  Theoretical  Biol.,  SQ,  A1! 7 (ll>76l|. 


P-  1 .1 


CH-, 


CH  -CH, 

/ 2 1 


When  the  quinoline  ring  of  chloroqulne  (P-14)  Is  placed  directly  over  the 
quinasollne  ring  of  febrlfugine  (I’-l.l)  such  that  both  nitrogens  at  the  1- 
posttion  overlap,  not  only  Is  the  quinazolone  oxygen  of  P-13  in  the  vicinity 
of  the  4-amino  nitrogen  atom  of  P-14,  hut  the  side  chains  of  both  compounds 
can  be  turned  along  their  axes  In  such  a way  that  the  piperidyl  nitrogen  of 
P-13  and  the  tertiary  nitrogen  of  P-14,  along  with  their  nearby  carbon 
chains  (carbon  atoms  b,  c,  d of  P-13  versus  b’ , c*.  d1  of  P-14,  respectively, 
and  carbon  atoms  f and  g of  P-13  versus  f and  g'  of  P-14,  respectively,  are 
super imposab le  (see  Figure  4). 


Figure  4 


Similar  relationships  can  also  bo  found  between  compound  P-13  and  other 
4-aminoqu ino l ines  (such  as  amod iaquine)  as  well  as  9-aminoacr idines  (such 
as  quinacrine).  Thus  a common  triangular  feature  can  be  proposed  for 
these  ant imalarials  (see  Figure  5,  X • 0 or  N).  Minimum  optimum  distances 
between  each  of  the  aforementioned  atoms  were  obtained  through  measurements 
of  Dreiding  molecular  models. 


\ 


l 


Figure  5 

It  therefore  appears  that  the  alkaloid  febrifugine  and  the  potent 
antimalarial  4-aminoquinolines  (and  9-aminoacr idines)  may  share  similar 
sites  in  the  in  vivo  binding  to  certain  biopolvmers  which  are  pertinent  to 
their  antimalarial  action. 
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III.  COMPOUNDS  SUBMITTED  FOK  AMT  IMA  LAP.  IAL  SCREENING 


MO-1  (SB-I-11-12,  WR-6116 -A  ) : 

Piperonal  semicarbazone 


N-NH-C-NHo 

ii  d 


MO-2  (SB-I-16-12.  WR-6117 -A ] 


Piperonal  thiosemiearbazone 


N-NH-C-NHo 

n 

S 


MO-3  (RB-I-20-12,  WR-16910-B): 


3 ,4-Dimethoxybenzylaaiine  hydrochloride 


CH-jO' 


NHo-HCl 


MO-4  (RB-I-47-11,  WR-6464-A): 


Dine thy 1 piperonylpyrazole-3 ,4-dicarboxylate 


Vss)^Nvcgoch3 


COOCH, 


MO-5  (SB-I-29-II,  WR-6465-A ) : 


Hamopiperony Initr ile 


0 
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4-Hydrazino-l,7 -naphthyridine 


i 

i 


MO-6  (SB-I-49-11,  MR-7726-A): 

1-Piper  onyl-3 -hydr  oxy- 1 , 2 , 4 - tr iazole 


MO-9  (SB-I-51-11,  WR-7727-A): 

4-N-Methylpiperonal  thiosemicarbazone 


22 


MO-11  (Rb- 1-74-40,  MR -0166 -A  ) : 

N- ( 3 , 4 - Dime  t hoxybenzy 1 )gly c ine  hy dr oc hlor ide 


CH30 


CH, 


^C00H*HC1 

H 


MO-12  (SB-I-70-11,  WH-8167-A ) : 

4-N-MeUiylcemiearbazide 

CH,-NH-C-NH-NHo 

O II  e- 

0 

MO-13  (SD-I-72-1,  WR-Q160-A ) : 

Piper onnl  4 -N-methy lsemicarbazone 


N-NH-C-NH-CH3 


MO-14  (SD-I-75-n,  WR-0169-A ) : 

1 - N - Pi per  ouy 1 1 h i oseni cor  bn  z ide 


sNH-NH-^-N}!,- 

I 


1 


dihydrochloride , 


’ 2 HC1  • 1/2  H„0 

r C 


23 


I 


MO-15  (SB-I-73-11,  WR-8170-A): 


1-N-Nitroso-l-N-piperonylsemicarbazide 


lY-NH-C-NHg 
NO  0 


M0-16  (PC-I-8,  WR-8171-A): 


3-( 2, 2-Dicar be thoxyvinyl)aminopyridine  1-oxide 


NH-C1I=C 


,cooc2h5 
' 0000^5 


KO-17  (FC-I-10,  WR-8630-A): 


4 -Hydr  oxy -1,7- naphthyr i dine 


MO-18  ( PC-I-14,  WR-8631-A): 


4-Chlor o-l, 7 -naphthyr idine 


MO-19  (RB-I-87-11,  WR-8632-A ) : 

3-(3,4-Dimcthoxybenzyl )sydnonc 


r©  ] 

"n>A0© 


MO- 20  (RB-I-85-2,  WR-8714-A): 

N-Nitroso-N-( 3 ,4-dimethoxybenzyl )glycine 


N'  ^COOH 


MO-21  (SB-I-9G-11,  WR-8633-A ) : 


l-Piperonyl-4-mcthylthioseraicarbazide 


N-NH-£-NH-CH3 
H S 


MO-22  ( PC-I-35 , WR-0715-A ) : 


4-(3-Dlmethylaminomethyl-4 ’ -hydroxyani 1 ino)-l,7-naphthyridine 

HN  r\  OH 


'CHo-N 


C oHtr 
^2b 


MO-23  ( SB-I-112-11,  WR-25119-A): 


Piper onal  oxime 


25 


r 

If  i 

| MO-29  (SB- I -14 1-11,  WR-S664-B): 

Piperonal  guanylhydraz one  liydrochloride 


M0-30  (SB-I-137-1,  WR-25124-A) : 

4-Formyl-4-notliyl-l-piper0ayithiosemicarbazide 


MO-31  (SB- I -136 -11,  WR-25125-A): 

4-Methyl-l-piperonylseraicarbazide 

-NH-CHj 

MO-32  (SB-II-36-1,  WR-25411-A): 

1-Formyl-l-piperonylthiosemicarbttzldo 


MO-33  (SB-II-33-3,  WR-25412-A): 

l-Piperonyl-3-mercapio-l,2,4-triuzole 


SH 


I 


27 


MO-34  (SB-II-28-1,  WR-25413-A): 

l-Fonayl-l-piperonyl-4-methylsemicarbazide 


^-NH-C-NH-CH3 

CHO 


MO-35  (SB-II-32-1,  WR-25414-A): 

Anhydr o-2-piperonyl-4-methyl-5 -hydroxy -s-triazolium  hydroxide 


N~ — N 

I ® I 

0© 


MO-36  ( SB-II-35-11,  WR-25415-A): 


Anhydr o-2-piperonyl-4 -me thyl-5-mercapto- s-triazolium  hydroxide 


N N 

I ^ I 


MO-37  ( PC-I-54 , WR-25873-A): 


Bi s( 2 , 4 -diace  tamidophenyl } sulf one 


CH3'S_NH-^  y-so2~^  ''VnH-C-CHj 

IjJH  HN 

CH-OC  io-CH, 


20 


t 


MO-38  (SD-II-50-1,  WK-25874-A ) : 

Homopiperonylic  acid  hydride 


(J-nh-nh2 

0 


MO-39  (PC-I-57,  WR-27012-A): 


2 ,8,10-Triaeetylphenothiazine 


CHj-CO 


CO-CHt 


K0-40  (PC -I -64,  WR-27013-A): 


2 ,8-Diace tylphenothiazine  5,5-dioxide 


ch3o-co 


CO-CH, 


MO-41  ( PC-I-62,  WR-27014-A): 


2 ,8 , 10-Triacetylphenothiazine  dioxime 


CH.-C 

° M 


C-CH, 
n 3 

NOH 


MO-46  ( PC-I-74 , WR- 204 50 -A ) : 


2,8-Diacetamidophenothiazine  6, 5 -dioxide 


MO-47  (SB-II-102-1,  WR-26451-A): 

1-Homopiperonoyl  semicar bazide 


MO-48  (SB-II-120-11,  WR-28452-A): 

3 -Hydr oxy-5 -piper ony 1 - 1 , 2 , 4 - tr iazole 


M0-49  ( FC-I-87 , WR-28776-A): 

2,8-Diaminophenothiazine  5,5-dioxide 


M0-50  (SB-II-132-18,  WR-28777-A): 


Methyl  l-piperonylpyrazole-3-i:arbaxylate 


MO-51  ( SB-II-147 -21,  NR-28778-A): 

2-Piperonyl-Ac-l,3,4-thiailiazoline-5-thione 


I 

I 

I 


I 

> 

► 


h 


Methyl  1-piper onyl-3-carboxypyrazolo-4 -carbaxy late 


MO-53  (SB-III-23-1,  WR-29674-A): 


2-Amino-4-hydroxy-5-piperonyl-6-methylpyrimidine 


32 


MO-54  (SB-III-27-1,  WR-29675-A): 


X 


I 

I 

I 


2,4-Diamino-5-piperonyl-6-methylpyrimidine 


2,8-Bis(ethylamino)phenothiazine  5,5-dioxide 
c2*>-»»  ^ ^ ^ xNH-C2H5 


MO-56  (PC-I-94 , MR-30211-A) : 

2,8-Bis(methylamino)phenothiazine  5,5-dioxide 


CH3-NH 


NH-CH, 


MO-57  (SB-III-25-2,  WR-31644-A): 

1-Homopiper onoylthiosemicarbazide 


33 


I 


I 


MQ-b8  (SD-III-33-11,  WK-31569-A) : 

3-Mereapto-5-piperonyl-l  ,2  >4- triazole 


MO -59  (PC-I-lOi,  WR-31872-A): 

2 ,8-Bis(dimethylamino)phenothiazine  5,5-dioxide 


MO -60  (SB-III-31-11,  WR-M873-A): 

3-Methyl -4 -piperonyl-5-isoxazolone 


MO-61  (SB-III-28-1,  WH-318? 4 -A ) : 


3 -Me thyl-4 -piper onyl -5-pyrazolone 


34 


L 


J 


I 


MO-66  (LS-S-877-4;  WR-34701-A) : 

3-Benzy 1 -4-met hy 1-5- (2-hydroxyethy 1 ) thiazol him  bromide 


MO-67  (SB-III-26-21;  WR-350S3-A): 

2-Amino-4-chloro-5-piperonyl-6-methylpyrimidine 


MO-68  (SB-III-74-11;  WR-35054-A) : 

Ethyl  ar-cyano-0-(3 ,4-methylenedioxyphenyl)acrylate 


n v rwir. 


COOC2H5 


MO-69  (CD-S-878-8;  WR-11900-B) : 

2,4,4'  -Tr ihydroxybenzophenone 


36 


I 

I 

I 


I 

I 

I 

1 


r 


I 


I 
I 
I 

I 

I 


MO- 70  (CD-S-878-8A) : 

N-[3-(4-Methylpiperazino)propyl  |maLeamtc  acid 


H0,C-CH-CI1-C0-NII-  (CH  ,)  ,-N  N-CH-, 

2 1 v_y  3 


MO-71  (LS-S-877-12;  WK-35974-A) : 

6- (Dimethylamino)-4-k.etocaproic  ac id  hydrochlor ide 


(CH3)2N-(CH2)2-C0-(CH2)2-C02H  • HC1 


MO-72  (SB-III-96-11;  WR-35995-A) : 

2-Amino-5-piperonyl-l,3 ,4-oxadiazole 


f 


I 


! 

I 


MO-73  (SB-III-86-11;  WR-35996-A) : 

l-Carbethoxy-2-homopiperonoylhydrazine 


NH-NH-C-OC  H 

a 25 


37 


MO-74  (PC-I-89;  WR-35997-A) : 


2 , 10-Diacetylphenothiazine 


MO-75  (PC-I-103;  WR-35996-A) : 


2-Acetylphenothiazine  5 ,5-dioxide 


MO-76  ( PC-I-112;  WR-35999-A)  : 


Cinch  ome  r onimi de 


CO— nh 


MO-77  (CD-S-878-24 ; WK-36260-A) : 


2,4,4' -Tr ihydroxy-3' -methoxybenzophenone 


HO  -TVl-f 


38 


MO-78  (CD-S-878- 14 ; WR-3fe2fel-A) : 


N- [ 3- (4-Methylpiperazino)propyl ]succinamlc  acid  di-p-toluene- 


aulf onate 


© 

H02C-(CH2)2-CO-NH-(CH2)3-HN 


/ \ 
v_y 


MO-79  (FB-S-882-3) : 

2 , 3-Dimethoxynaphthalene 


MQ-80  (FB-S-882-5) : 


1 , 7-Dimethoxynaphthalene 


MO-81  (FB-S-8 82-6) : 

4 ,6-l)imethoxy-l-napht  hylenecarboxaldehyde 


MO-82  (SB-II 1-115-1;  WR-36444-A) : 

Ethyl  piperonyl ideneacetoaeetate 


0 

0 


cooc2h5 


0 


3«J 


f 


r 


MO-63  ( SB-III-22-11;  WR-36445-A) : 

Ethyl  piperonylacetoacetate 


(»x* 


MO-84  ( SB-III-79-2;  WR-36446-A) : 

l-Piperonyl-4-pyrazolecarboxylic  acid 


/ 1 

V — n 

V 

u 

COOH 


MO-85  (SB-III-51-1;  WR-36447-A): 

3-Ethyl- 4-piperoi\yl -5-hy  dr  oxypyraz  ole 


M0-8G  ( SP- II I -109 -11;  WR-36448-A) : 

3-Hydroxy-4-piperonylpyrazole 


11  nh 


HO' 


I 

I 


40 


I 


MO-67  (PC-I-124;  WR-36449-A) : 


II  * 

- J 


> 


3 


-Aminoisonicotinic  acid 


COOH 


MO-66  (EN-I -46-12;  WR-36663-A) : 

Ethyl  piperonylcyanoacetate 


MO-69  (EN-I-41-14;  WR-36664-A) : 

Piperonylcyanoacetic  acid  hydrazide 


MO- 90  (EN-I-49-12;  WR-3666S-A) : 

3-Araino-4-piperonyl-5-hydroxypyrazole 


41 


1 


MO-91  (SB-IIl-125-11;  WR-37670-A) : 


3,4-Diamino-5-piperonyl-l,2,4-triazole 


MO-92  (SB-IlI-127-1;  WR-57671-A) : 

l-Piperonyl-3 ,4-pyrazoledicarboxylic  acid 


COOH 


MO-93  (SB-III-130-1;  WR-37672-A) : 

1 - Piper onylpyraz ole -3 -carboxylic  acid  hydrazide 


MO-94  (SP-II-149-21) : 

Homopiperonylic  acid 


42 


MO-95  (SB-II-39-1;  WR-37673-A) 


Methyl  homopiperonylate 


MO-96  ( PC-I-129;  WR-37674-A) 


3-Iodoisonicotinic  acid 


COOH 


N- (4 ,6-Dlmethoxynaphthylmethylene)piperonylamine 


2, 3-Dimethoxy-2 


4 ' -d ihydroxychalcone 


MO-'M  (,1’B-S  -88d-l0)  : 


N-  (A , 6-Diraethoxynaphthy  lino  thy  Dpiperonylamlne) 


MO- 100  (l.S-S-8  7 7-  .11  ) : 


N- (4-0 io thy l ami  no- 1 -mot  hv 1 butyl )maieamlc  ao id 


ho2c-ch»ch- 


C-NH-CH-  (CH.,)  j-NCC.,!!.)  ., 
II  i 2 3 2 .V  2 

0 CH, 


MO -101  (PC-I-131;  WR-40065-A) ; 

3-(j3-Methoxypheny.lamino)-isonicotinic  acid 


MO- 100  ( PC- 1- 133 ; WK-40006-A)  : 

6-Methoxy-4(  lH)-pyrido  [j3,4-bJ  quinolonc 


44 


MO -103  (SB-III-139-3;  WR-40067-A) 


l-Piperonylpyrazole-4-carboxylic  acid  hydrazide 


CNHNH2 


MO -104  (SB-III-137-11;  WR-40066-A) 


Ethyl  piperonylideneacetate 


MO -105  (SB-III-142-11;  WR-40069-A) 


Ethyl  piperonylacetate 


MO -106  (EN-I-65-14;  WR-40070-A) 


2 ,4-Diamino-5-piperonylpyr imidine 


I * 


MO -10 7 (EN-I-58-12;  WR-40071-A) : 


3-Amino-4-piperonyl-5-isaxazolone 


MO -108  (EN-I-73-12;  WR-40072-A) : 

5-Amino-4-piperonyl-5-isoxazolone 

NHg 


MO -109  ( CC-253 ; WR-45684-A) : 


3-Diazo-4-pyrazolecarboxaraide 


© 0 

No  N 


HgN-cJX-J 


MO -110  (WB-1-10E;  WR-43863-A) : 


1 


J 


3 

3 

3 

3 

3 

3 


3 


3 


3 


5-Piperonyltetrazole 


MO-111  (SB-UI-49-13;  WR-43864-A) : 


Ethyl  <y-piperonylidene-P-ketovalerate 


COS 


C02Et 


MO-112  (SB-III-50-1;  WR-43865-A) : 


Ethyl  a-piperonyl-P-ketovalerate 


r 0 CO^Et 


MO-113  (PC-II-6) : 


Pi peronylacetoacet amide  semicarbazone 


0 NMHCNHg 
CHgNHC  CHgCCHj 


MO -114  (PC -II -8) : 


N-Piperonyl-3-carbrmoylhydrazinobutyramide 


0 NHNHCNH2 
'HgNHCCHgiHCHj 


MO-115  (CC-245;  V7R-10412-B) : 


3-Amino-4-cyanopyrazole 


MO-116  (CC-247 ; WR-10461-B) : 

3-Amino-4-pyrazolecarboxamide  hemisulfate 


1/2  HgSO^ 


MO-117  (CC-244) : 

l-Methyl-4-cyano-5-aminopyrazole 


MO-118  (CC-246): 

l-Methyl-5-amino-4-pyrazolecarboxami.de 

CH^ 

h2n 

HgN-C 
0 


i 

I 

I 

I 

I 

I 

I 

I 

I 


[ 


48 


3 


I 

I 

I 


Isosafrole 


r 


? 


I 


-22838 -B): 


MO -120  (WB-1-47D;  WR-47714-A) : 

Ethyl  l-piperonyl-2-oxocyclopentanecarboxylate 


MO-121  (PC-II-15;  WR-47713-A): 

N-Piperonyl-2-  [3-hydraxy-l,2,4-triazol-l-yl]  -butyramide 


MO-122  ( PC-I-135;  WR-47712-A) : 

10-Chloro-6-methoxy-2  f 9-diazaanthracene 


I 


MO- 123  ( PC-I-104;  WR-4771Q-A) : 


4-( 3-Diethylaminopropylamino) -1 ,7 -naphthyridine 


MO-124  (PC-II-16 ; WR-47714-A): 


4-(4-Diethylamino-l-methylbutylainino) -1,7 -naphthyridine 


?h3 

NHCHCHgCHgCHgNEtg 


MO-125  (WB-1-52C;  MR-47715-A) : 

Methyl  piperonyl  ketone 

0 

CHgttcHj 

MO-126  (WB-1-61B;  WR-51873-A): 

2-Piperonylcyclopentanone 


50 


I 

I 

I 

! 


I 

I 

I 

I 

I 

I 


MO-127  (MJ-1-19;  WR-51901-A) : 


Methyl  2-nitro-4,5-methylenedioxybenzoate 


MO-128  (CC-250;  WR-51898-A): 

4-Hydroxypyrazolo[3 ,4-cQ  -v-triazine , hydrate 


MO-129  (WLB-S-900-3;  WP-51886-A) : 

5-(3,4-Methylenedioxybenzylideninyl)rhodaine 


MO -130  (M7-1-21;  WR-51904-A) : 


Methyl  2-amino-4,5-methylenedioxybenzoate 


MO-139  (WB-1-118;  WR-23063-B) : 


Methyl  3-amino-4-hydrcocybenzoate 


0 


MO -140  (WB-1-121E;  WR-56637-A) : 

Methyl  5-benzoxazole  carboxylate 


MO-141  (WB-l-123c;  WR-56638-A) : 

5-Benzimidazole  carboxylic  acid 


MO-145  (PC-II-17;  WR-56636-A) : 

10-(3-Diethylaminomethyl-4-hydroxyanilino) -6-methoxy-2,9 
diazaanthracene 


54 


MO-147  (MW-1-53;  'VR-10985-C)  : 


Diethyl  bis(2-cyanoethyl)malonate 


( CNCHgCHg  ) 2C  ( COg^Hg  ) g 
MO-148  ( DM-I-14-3 ; WR-29027-C) : 


Quinolinimide 


MO-149  ( PC-II-37 ; WR-59545-A) : 

3-Methoxy-3-carbomethoxy-2-piperidone 


OCH. 


3 

co2ch3 


MO -150  (WB-1-134B;  WR-59557-A) : 

3-( 3 ,4-Methylenedioxyphenyl) -2-propanone 
thioseuicarbazone 


ch3  S 
CHg^N-NH-C-NHg 


56 


MO-159  (DM-I-30-2;  WR-56407-C) 


3,4-Methylenedioxyphenylpyruvic  acid 


WR-67635-A) 


3-Amino-5-hydroxy-6-piperonyl-l,2,4-triazine 


MO-161  (PC-II-52;  WR-67824-A) 


2-Methoxy-5-carbobenzoxyaminovaleric  acid 


CHoO-C-NH-CH2CH2CH2 


MO-162  (WB-2-A6A;  WR-67655-A) 


Ethyl  2-piperonylidonecarbazat.e 


MO-163  (WB-2-23B;  WR-6763b-A): 


r 


3-Amino-4-hydroxybenzoic  acid  hydrazide 


H2N 

HO 

MO-164  (WB-2-46;  WR-71466-A) : 

Ethyl  2-piperonylcarbazate 


MO-165  (DM-I-28-2;  WR-71464-A) : 

N,N' -Bis(2-ethoxycarbonyl-3-pyridyl)malonamide 


C02Et  EtOoC-^N  ^ 


NH-C-CH_-C-NH 

M d It 

0 0 


MO-166  (bM-I-33-1;  WR-71468-A): 


4-Ani lino-2-hydroxy-l ,5-naphthyridine 


i 

I 

I 

V 


t>0 


MO-167  (DM-I-31-2;  WR-71480-A) : 


3,4-Methylenedioxyphenylpyruvic  acid  guanylhydrazone 
(Compound  with  ethyleneglycol  monomethyl  ether) 


It  • C H 0 

N 3 8 2 

^NH-C-NHg 

NH 


MO-168  (DM-I-34-2;  WR-71474-A) : 


N-Formyl-N-piperonylglycine 


N"'^C02H 


MO-169  ( PC-II-67 ; WR-71472-A) : 


Piperonal  tetramethylenehydrazone 


<xr 


/“) 
•CH=N-N  j 


MO-171  (WB-2-65A;  WR-74101-A) : 


1-Pi peronyl-3,5-diamino-l, 2, 4-triazole 


' i'u  N — iN 

H2N^5:jN  'NH2 


MO-172  (WB-2-75B;  WR-74102-A) 


Piperonylaminoguanidine  hydrochloride 


MO-173  (WB-2-76;  WR-74103-A) 


l-Piperonyl-3-amino-l ,2 , 4-triazole 


MO-174  (PC-II-76;  WR-14710-B) 


3-Hydroxy-2-methylpyridine 


MO-175  ( PC-II-81;  WR-13796-C) 


2-Dimethylaminomethyl-3-hydroxy pyridine 


MO-177  ( PC-II-83;  WR-74631-A) : 


p-Benzamido-0-(2-furyl)propionic  acid 


Uk 

CHCH0CO0H 

NHCO 


MO-178  (EM-I-35-1;  WR -76077 -A); 

3-Amino  -5  -mer  cap  to  -6  -piperonyl-1 , 2 , 4 - tr  iar,  ine 

SH 


| MO-179  (rM-I-30-iA;  WR-76068-A): 

1 -Cliloro  -1-mo  thyl-1 , 2-dihydro -l , 5 -naphthyridine-2  -one 

I 


Cl 


6 ( 


MO -180  (EM-1-40-1;  WR-76066-A): 


4-Chloro-2-mothoxy-l,5-naphthyridine 


MO-181  (WB-2-96C;  WR-76U67-A): 

Ethyl  3- ( 3 , 4 -methylene dioxyphenyl ) glye idate 


MO -182  (EM-I-38-1;  WR-76171-A): 

4 -Chloro -2 -hydroxy-l , 5 -naphthyr idine 


MO-183  (IM-I-36-1;  WR-76172-A): 


3 , 5 -Diajnino -6 -piper onyl -1,2,4 -tr iaz ine 


MO-184  (EM-I-41-1;  WR-76985-A): 


I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

I 

I 

I 

I 


N ,N ' -Bis (cyclohexyl ) -0- (N-formyl-N -piperonyl )glycylisourea 


MO-185  (EM-I-57-1;  WR-76984-A): 

2 , 4 -Dichloro  -1,5  -naphthyr  i dine 


MO-186  (WB- 900-7 1C;  WR-80854-A): 

3 - ( 3 , 4 -Methylene dioxyphenyl ) -2 -thiopyruvic  Acid 


MO-187  (WB-2-117  ; 'WE- 06338 -D) : 


5- (3, 4-Methylene dioxyphenyl )acrylic  Acid 


65 


MO -180  (WB -0-110;  WR-4817 90-A ) : 


3- ( 3 , 4 -Mo tliylono dio xyphenyl ) pri ' pionlc  Acid 


CHoCHnCOoH 


MO  -100  (CC-OGO;  WK-01791-A): 

l-Mi'tliyl-5-n.Ltro-4 -pyrazolecorboxyllc  Acid 


MO-  190  (WB-.1-  I .’Bli;  WR-81  792-A)  ; 

2-Bromo-3-  (3, 4-me thyl on odloxy phony  L ) prop  ionic  acid 

H 


M0 -191  (04-1-46-1;  WR-63965-A) ; 


1 - Fc  izxvI  -1  -pi  pcronylc  cmicarbazidc 


66 


MO-13'  (lM-I-43-1;  WR-46291-C) : 


4 -Hydroxy-*'  -mothyltliiopyrimidinc 


MO-193  (WB-900-G9A;  WR-8396G-A): 

3-  ( 3 , 4 - Me  t.hylenedioxyphenyl)  alanine 


MO -194  (WB-2-146B;  WR-83967-A): 


Piperony lammonium  N -PiperonyldAthiocarbamate 


s © 

N-C-8®  If-rja ' 


MO -198  (Wlj-0-1480;  WR-839G8-A): 

N-Pipei\n\yl-N-(9-ethoxyearbonylettvyl)glycine  Ethyl  Ester 


^jClln-fc-OC  91,, 

\l 

\n,,-a^-c-ocpH& 


<,/ 


I 


MO-196  (WB-2-137K?;  WR-870P3-A): 
3 -Piperonylr ho  dan ine 


MO-197  (WB-3-lllA ; WR-87032-A): 

S-Ethoxycarbonyl-l-piperonyl-l-pyrrolidone 


MO-198  (WB-5-108E;  WR- 87 505 -A ) : 

RthyJ  ' -Gyaiu  > - 1 -(3,4 -me thy 1 on e die  xyph  cny 1 ) -3-oxobutyrate 


CN 


MO-199  (WB-3-U7D;  WK-87  397-A); 
Diethyl  Piperonylmalonate 


C00CoH5 

cooc2h5 
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M0-200  (EM-I-40-1;  WK-U7320-A) : 


1-Piperunyi  -3-sull'amoyl-l, 2, 4 -triazole 


MO -2 01  (EM-I-18-1;  WR-87329-A): 


1 - (o -Chloropiperonyl ) - 3- sulf  amoyl-l ,2,4 -tr iazolc 


M0-202  (04-1-50-2;  WR-90010-A): 


4-(4-Diethylmino-l-methylbuty]amino)-2-methoxy-l, 

naphthyridine 


NHCHCHpCHoCHpN  (CoHt- ) 


'5  '2 


OCH, 


MQ-205  (WB-3-129B;  WR-15535-C): 


£-Metho^ybenzenesulfonajnide 


* 


M0-204  (CC-268;  WR-10485-C): 

5-Amino-l-phenyl-4-pyrazolecarboxamide 


I 


f6% 

HgN  " 


HoN-C 

ii 

0 

MO -2 05  (PC  11-146 ; WR-89904-A): 

cis-3- [?-0xo-3-(l-carboaII^loxy-3-mcthoxy-2-piperidyl)- 
propylJ-6 ,7 -motfiylenedioxy-4-quinasolone  Hydrochloride 


•HC1 


l-Phenyl-4  -hydro xypyrazolo  [3,4-d]  -v-tr  iazine 


1 i” 

I 


70 


I 

| MO -207  (lM-I-53-1;  WR-90211-A): 

5 -Chloro -3-ni tro -2 ( Hi  )pyridone 


H 

M0-208  (PC-III-7 ; WR-90212-A ) : 

cis-3-[2-0xo-3-(3-methoxy-2-piperidvl  )propyl]  -6 , 7 -mothyl- 
enedioxy-4 -quinazolonc  Dihydrochloride 


M0-209  (EM-I-52-1;  WK- 902 13 -A;  AB-14186;  WR-51462-C): 
2 -Amino  -5-ehloro -3-nitro pyridine 


MO -211  (CC-255 ; WR-92104-A) : 


1 -Methyl -5-nitrosamino-4-pyrazolecarboxylic  Acid 


9H3 


ho2c 


Xj 


MO-212  (PC-III-IO;  WR-92105-A): 

cis-5- [2 -Oxo -3- ( 3-hydroxy -2 -piper idyl )propyl] -6 , 7 -methyl - 
enedioxy-4-quinazolone  Dihydrochloride 


MO-213  (PC-III-14;  WR-92444-A): 

6-Bromo-3,4-methylenedioxybenzaldehyde 


CHO 


Br 


MO-214  (CC-280W;  WR-92443-A) : 

1- ( 8 -Hydro xyethyl ) -4-cyano-5-aminopyrazole 


CH2CH2OH 


72 


- 


MO-215  (PC-III-1C;  WR-27298-D): 


I 

I 

I 

I 

I 

I 

I 

I 

1 


1 

1 


4-Nitro-5-bromocatechol  Methylene  Ether 


4 


MO-216  (PC -III -12;  WR-10009-K): 


4-Oxo-3,4-dihydro-l,2,3-benzotriazine 


MO-217  (lM-I-54-1;  WR-92958-A): 

2 , 4 -Dihydroxy -5 - sulf anoylpyr inddine  Monohydrate 


•HoO 


MO-218  (EM- I -55-1;  WK-92959-A): 
2-Bromo-5-chloropyridinc 


MO-219  (lW-I-56-1;  WR-92960-A); 


2 - Bromo -5 - chlor o - 3 -ni t ro pyr i din e 


73 


r 


1 


MO -220  (lM-I-57-1;  WR-92964-A); 


5-Chloro - 3-nitropicolinonitr ile 


MO-221  (WB-4-47;  WR-94290-A): 
3-Benzylrho danine 


MO-222  (WB-4-58C;  WR-94291-A): 

3-Bromo  -4 , 5 -dihydro  xybenzaldehyde 


MO-225  (CC-286 ; WR-94409-A) : 

Ethyl  l-Methyl-5-aminopyrazole-4-car'boxylate 


MO-224  (WB-5-110;  WR-79255-C): 
1,4-Benzodioxan 


I 


74 


I 


MO-225  (WB-4-64A;  WR -84257 -A): 


Ethyl  2 -Oximino  -3(  3 , 4 -methylenedioxyphenyl )propionate 


A 


ocoH5 


MO-226  (MB-4-6613;  WR-94258-A): 

Ethyl  2 -Amino -3 ( 3 , 4 -methylenedioxyphenyl )propionat e 
Hydrochloride 


0C2H5 


MO-227  (WB-4-68C;  WR-1366 9-C ) : 


3 , 4 -Dihy  droxy-5 -methoxybenzaldeliyde 


MO-228  (WB-4-76C;  WR-95562-A): 


1 , 4-Benzodioxan-6 -carboxaldoxime 


E 

I 

I 


t 


MO-229  (PC-III-22 ; VIR-95563-A) : 

6 - Br omo -3,4 -methylene  dioxyb enzo i c Acid 


COOH 


Br 


MO -2 50  (CC-288 ; WR-95564-A); 

1- ( P -Hydroxyethyl ) -5 -aminopyrazole -4 -carboxamide 


HoN' 


(pigCHgOH 


HoN-C' 

^ « 


Yjy 


MO-231  (PC-III-25 ; AC-16730): 

Methyl  6 -Bromo -3,4 -methylenedioxy-2 -nitrobenzoat e 


MO-232  (WB-4-86B;  AC-16721): 

2 -Amino -5 -piperony 1-4 - imi dazolinone 


76 


I 


MO -2 33  (CC-291;  AC-16712): 


l-(|3-Hydroxyethyl)-5-nitropyrazole-4-carboxylic  Acid 

-iCHoOH 


MO-254  (Hi-I-58-1;  AC-16703): 

Etliyl  3-Pormyl- 3-piperonylcarbazate 


N-NH-C-OCoH.; 

i Q - J 

CHO  0 


MO-255  (EM-I-62-1;  AC-16626): 

tert-Butyl  3-Formyl- 3-piperonylcarbazate 


?H3 

-NH-C-O-C-CH^ 
HO  0 6h- 


MO-256  (m-I-61-1;  AC-32510): 


tert-Butyl  3-Piperonylcarbazate 


N-N-C-O-l 
H H 


-ch3 


MO-257  (PC-III-32;  AC-52529): 

Methyl  2 -Amino -3,4 -methylenedioxybcnzoate 


m?_  o 


i 


'OCHj 


77 


MO -2 38  (DM-I-60-1;  AC-52558): 


tert-Butyl  3-Piperonylidenecarbazate 


3 


MO-239  (PC-III-55;  AC-32547): 

7 ,8-Methylenedioxy-4-quinazolone 


M0-240  (lM-I-65-1;  AC-71517); 

1 -Formyl  -1  -piperonylhydrazine 


MO-241  (PC-III-53;  AC-71526); 

2 -Bromo-4 , 5 -me thylenedioxy  aniline 


MO-242  (PC-III-58 ; AC-71535): 


2 -Bromo -4 , 5 -methylenedioxyac  etanilide 


78 


MO-243  (WB-4-121A;  AD-00479) : 

3, 4-Methyl ened loxy phenyl  ace tamidine  Hydrochloride 


MO-244  (DM-I-66-1 ; AD-00488) : 

2, 3-Diaraino-5-f ur fury 1 pyrimidine 


MO-245  (DM- 1-65- 1 ; AD-00497): 

^ 2 , 4-Diamino-5- (2- thenyl) pyrimidine 

I 


MO-246  (WB-4-104B;  AD-21834) : 

^ 6-Aminomethyl-l,4-benzodio\an  Hydrochloride 

I 
I 


79 


MO-240  (NB-4-127A;  AD-2165;'): 
6-Aminobenzothiazolo 


MO-249  (PC-lII-4 ; AD-21861): 

2-Bromo -4, 5-mcthylenodio  xyldichloroacetanili.de 


MO- 250  (WB-5-12C;  AE-47628): 

Lecarboxamide  monohydrate 


>2 


MO-251  (FB-5-856-777R;  AE-47637 ) 


4 , 6 - Di  ami no -2-methy lthio - 5- ( m- to lui dino )py rimi dine 


MO-252  (WB-4-125;  AE-47646;  015587  A B) 


3,4-Diaminobenzoic  acid 


MO-253  (WB-5-27B;  AE-92785) 


N-(3,4~Ethylenedioxybenzyl)glycine  hydrochloride 


MO-254  (DM-I-68-1;  AE-92794) 


Ethyl  3-amino-5-chloropicolinate 


MO-255  (DM-I-71-1;  AE-96023): 


N,N'-Bis(5-chloro-2-ethoxycarbonyl-3-pyridyl)malonamide 


MO-256  (WB-5-34B;  AE-96032): 

N- ( 3 ,4-Ethylenedioxybenzyl )-N-nitrosoglycine 


MO-257  (WB-5-43A;  AF- 11785); 

3- ( 3 ,4-Ethylenedioxybenzyl )sydnone 


MO-258  (WB-5-41;  AF-11776): 
5(6 )-Cyanobcnzimidazole 


82 


MO-259  (CN-5-12;  AF-1I794): 


2-Thio-4-hydroxy-5-ethoxycarbonylmethylpyrimidine 


MO- 260  (PC-III-52;  AF-12657): 


3-Methyl-4-( 3,4-methylenedioxyphenyl)furoxan 


MO-261  (PC-III-54;  AF-12648): 
Dibenzoylfuroxan 


MO-262  (PC-III-55;  AF-16011): 

3-Methyl-4-( 3, 4-methylenedioxyphenyl )furazan 


Dibenzoylfuroxan  azine 


83 


Bis-(3,4-methylenedioxybenzoyl)furoxan 


Dibenzoylfurazan 


Bis-(£-Chlorobenzoyl )furoxan 


MO-273  (DM-I-72-1;  AF-59427 ) : 


Isonitrosoacetophenone 


MO-274  ( DM-I-73-1 ; AF-59418): 
Phenylglyoxime 


MO-275  (DM-I-74-1;  AF-59409) : 
3-Phenylfurazan 


MO-276  (EM-I-77-1;  AF-59592) : 

2, 4-Di amino-5- (3-thenyl)pyriraidine 


MO-277  (WB-5-67 A;  AF-59383): 


4-Hydroxy-2-mereapto-5-pyrimidinehydroxamic  Acid 


C-NHOH 

II 

0 


86 


rW. 


MO-278  (WB-5-G9A;  AF-59374): 


Ethyl  4-Ami.no-2-borv.iy  lthio-b-pyrimidinecarboxylate 


PhCH2S  N NH2 


rx; 


c-oc2Hs 


MO-279  (WB-5-71A;  AF-93018) 


4-Araino-2-mercapto-5-pyrimidinecarboxylic  Acid 
Monohydrate 

nh2 


M0-280  (WB-5-82A;  AF-93009) ; 

Ethyl  4 -Amino -2 - ( 2 , 4 -die hlorobenzylthio ) -5-pyr imidine - 
carboxyl ate 


/ V-CHgS  N NH2 


MO-281  (WB-5-73B;  AF-93027) : 

4-Hydroxy-2-mercapto-5-pyrimidinecarboxylic  Acid 


^ ^C0oH 


MO -282  (WB-5-77B;  AF-93036) : 


Ettiyl  2-Benzylthio-4 -hydroxy-5-pyrimidinecarboxylate 


MO-283  (PC- I II -67 ; AF-93045) ; 

Bis-(ar-hydroxybenzyl)  furazan 


MO-284  (PC-III-68;  AF- 93054): 
6-Methoxybenzofuroxan 


MO-285  (PC-III-70 ; AF-93063): 
Benzofuroxan 


MO-286  (WB-5-93B;  AF-93072) : 


Ethyl  2-(£-Chlorobenzylthio)-4-hydroxy-5-pyrimidinecar- 
boxylate 


OH 

C02C2H5 


88 


I 

I 


MO-287  (PC-III-71;  AS-37015) : 
5-Methoxybenzofurazan 


rr\ 


MO-288  (WB-5-91C;  AS -37024 ) : 

Ethyl  4-Amino-2-(]3-chlorobenzylthio) -5-pyrimidinec  arboxylate 


Cl 

MO-289  (PC-III-72;  AS-37033) ; 
Benzofurazan 


N^X*sC00C2H5 


cc> 


M0-290  (WB-5-95C;  AS-37042) ; 

Ethyl  4-Amino-2-(o-chlorobenzylthio) -5-pyrimidinec arboxylate 


oc 


CHg— S^N^NHg 


COOC2H5 


MO-291  (PC-III-74;  AS-37051) : 
5-Nitrobenzofuroxan 


02»-^w\ 

XX/' 


89 


MO-292  (PC-1II-75;  AS -37060) : 


5-Chlorobenzofuroxan 


N 
\ 
0 

N 

1 

0 

MO-293  (DM-I-78-1;  AS-57079): 


£-Chloroisonitrosoacetophenone 


MO-294  (DM-I-82-1;  AS-37088) : 


£-Tolylglyoxine 


NOH 


MO-295  (PC-III-76;  AS-37097): 


5-Chlorobenzofurar.an 


MO-296  (WB-5-101;  AS -39920 ) : 

Ethyl  4-Amino-2-(3,4-dichlorobenzylthio)-5-pyrimidinecarboxylate 


90 


MO-297  (WB-5-100C;  AS- 59959): 


Ethyl  4-Hydroxy-2-(3-pyridyl)-5-pyrimidinecarboxylate 


MO-298  (WB-5-102B;  AS-39948); 

Butyl  4-Hydroxy-2-thio-5-pyrimidinec  arboxylate 


HS 


r 

ITS 


.H.  OH 

UT 

^^COC 


COOCCHg^-CHJ 


MO-299  (PC-III-77 ; AS-39957): 
5 , 6-Dichlorobenzofuroxan 


4 


0 

MO- 300  (PC-III-78);  AS-39966): 

5-Chloro-4-methoxybenzofuroxan 


MO-301  (PC-III-80;  AS -59459) : 
4-Nitrobenzofuroxan 


91 


M0-302  (WB-5-103C;  AS-59468) : 

Ethyl  4-Hydroxy-2-methylthio-5-pyrimidinecarboxylate 


IT  OH 


CH3-Sy"y- 


ooc2h5 


MQ-503  (PC-III-81;  AS-59477) : 

5,6-Methylenedioxybenzofuroxan 

0 


< 


MO-304  (WB-5-109;  AS-59486) : 


Ethyl  2-Ethylthio-4-hydroxy-5-pyrimidinecarboxylate 

C2H5-Sn^N^0H 

T y[ 

N^AvC00C2H5 

M0-305  (WB-5-IIIA;  AS- 59495): 

Ethyl  4-Chloro-2-methylthio-5-pyrimidinecarboxylate 


ch3-s.  ^^Cl 


XX, 


COOCgHg 

M0-506  (WB-5-117A;  AS -59502 ) : 

S - ( 2 , 4-Dichlorobenzyl) isothiouronium  Hydrochloride 

m 

CH2"S-Cv  * HC1 


\ ■ 
ci 


92 


MO-307  (WB-5-115B;  AT-16048); 


S-(o-Chlorobenzyl) isothiouronium  ltydrochloride 


MO- 508  (WB-5-128;  AT-16059) : 

S-(£-Methoxybenzyl) isothiouronium  Hydrochloride 


M0-509  (WB-5-135;  AT-16020); 

5-Piperonylidene-2 , 4-thiazolidinedione 


HC1 


o-Vanillin  Benzenesulfonate 


93 
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MO-311  (PC-III-85;  AT-16002): 


2-Hydroxy-3-raethoxy-6-nitrobenzaldehyde  Benzenesulfonate 


MO-312  (PC-III-86;  AT-15998) : 

2-Hydroxy-3-methoxy-6-nitrobenzoic  Acid  Benzenesulfonate 


MO- 313  (PC-III-83;  AT-15989); 

5-Bromo-2 , 3-diraethoxy-6-nitrobenzaldehyde 

CHO 


MO-314  (WB-5-133C;  AT-15970) : 

5-Piperonylidenepseudohydantoin 


94 


Etliyl  2-(o-Chlorobi»nir.ylthio)  -4-hydivxy-b-pyrijni(Un«carboxyl*te 


NO-316  (WB-b-140;  AT-lbObJ)  : 

S-(3,4-IHchlorob»‘ny.yl) laothtouronium  Itydroehloride 


HO-317  (WB-S-127A;  AT-15943) : 

Ethyl  4-ltydroxy-2-plpe rotvyl thio-b-pyrimidinecarboxylate 


MO-318  (WB-S-136B;  AT-17714) : 

Ethyl  2-(£-Methoxybentylthio)  -4-lvydroxy-5-pyrimidlnecarboxylate 


MO-319  (WB-5-123H;  AT-17698) : 


Ethyl  2-( 2 , 4-Dlchlorobenzy lthio ) -4 -hydroxy-S-py rlmidlnec  arboxy late 


Cl' 


w 


OH 


cooc2h5 


MO -320  (DM-I-79-1;  AT-17689): 
£-Chlorophenylglyoxlrae 


XX 


r 


CH-NOH 


MO-321  (DM-I-80-1;  AT-17670): 
4-(£-Chlorophe»nyl)  fvirar.an 


MO-322  (EM- 1-83-1;  AT-17661): 


4-Phenylfuroxan 


— ' ' — n<SL_o© 


MO-323  (DM-I-81-1;  AT-17652): 

£-Met hyl iaonltroaoare  tophenone 


CH. 


CH-NOH 


9ft 


MO-324  (hM- 1-84-1;  AT-17643): 


4 - (£-Chlo  ropheny 1 ) furoxan 


MO-325  (WB-5-149A;  AT-17634): 

2-Thio-2 , 4 -oxar.ol  id  inod  ione 


MO-326  (WB-6-1B;  AT-17705); 
2 , 4 -Thi azol id i ned ione 


MO-327  (WB-6-LA;  AT -70106); 
Ps  cudo  th  iohy  elan  to  in 


MO-326  ( WP-5-140A;  AT -70105): 

Ethyl  2 -{  3f4-Dichlorobcn7.ylth io ) -4 -hydroxy -IS-pyrimi  dinocarboxylatc 


97 


AT -701?  70 


•w--  .. 


MO-329  ( CC-1-303;  AT -70202' 


Et  fiy  1 1-P-I  tydroxy  -5  -am  i no  -4  -pyrazolec  arboxyl  ate 


It>CHpOH 


CoHgOoC- 


MO-330  ( CC-II-2;  AT -70211): 


1 -p-Hydroxyethy 1 -7-raethyl  -4  -eyano-5-aminopyrazole 


CHoCiloOH 


MO-331  (WB-5-113C;  AT -70220): 

Ethyl  4-Chloro-2-{  £-chlorobenzylthio ) -5 -pyrimidinec arboxyl ate 


xr~xc 


CO2C2H5 


7 -Chloro-4-(  4-dimethylamino-l-metliylbutylamino)-2-methoxy-l,5- 
naphtliyridine 


yis. 

HN-CH-(CHj,) 


MO-555  (WB-5-146B;  AT -7 0848] 


5-I'i  porouy  L i dcnu-2-thio  -2 , 4 -oxazol idincdione 


xy 


MO -554  (WP-G-15A;  AT -80259): 

4 -Amino  -2  -mo  thyl-5-pyrimi  dinoc  arboni  tr  i le 


"XjC 


MO-555  (WH-6-10;  AT -88260); 


Eltliyl  4-Chloro-2-(  o-chlorobenzylthio)-5-pyriinidinccarboxylate 


0C 


xx: 


MO -556  ( WD-G-16D;  AT -85277); 


4-lfydroxy-2-mothyl  thio-5-pyrimidinohydroxnmic  Acid 


jj-NHOK 


MO -337  (iX’-i  i 1-99;  AT-OOY31)  ; 


r.-Amino-P, ^-methyl ciifdioxyb«»n zoic  Arid 


a 


MU-330  (PC-Il 1-100;  AT-907;v) : 


' , 3 -Me  thy 1 ened i o xy - 5 -n i t roben zoic  Ac  id 


o 


MO-339  (WB-6-21B;  AT-90713): 

Kthyl  4-Chloro-0-(3,4-dichlorobenzylthio) -b-pyriraidlnecar- 

boxy late 


CHo-S^ 


co2c2h5 


MO-340  (WB-6-32A;  AT-90704): 


Ethyl  4 -Hydroxy-0 -methyl -S-pyriinidineoarboxylate 


CH3'*v^N'N-^°H 


MO-341  (WB-6-37B;  AT-90697) 


4-Amino-2-methylthio-b-pyrimidimvarbonitrile 


100 


r 


I 
I 
I 
J 
I 
I 
] 
I 
1 
1 
1 


M0-,  2 (WB-6-34B;  AT-POGBO) : 

5-Piperonyl idone-2 , 4 -oxazol incdione 


MO-343  ( DM-i -87-1 ; AT-90679) : 
b-Broraonicotinie  Acid 


MO-344  ( DM- 1-68-1 ; AT-90660): 
5-Aminonicotinic  Acid 


MO-345  (WB-G-45E ; AU-13248): 

N-(3,4-Dibonzyloxybenzyl) -N-nitrosoglycine 


MO-346  (WB-G-50B;  AU-13257) : 

Ethyl  4 -Hydroxy -5-pyrimidinecarboxy late 


101 


3-(?,4-Dlbt*nzyloxybt?ns:yl)sydnoii« 


M0-M6  ( PC- I 11-111;  AU-KSCll) 


Is -A-  (j?-0xo-J-(3-mt'thoxy-.'-piperidyl)propy;Q  -b,ti-raetliylene 
dioxy-4-quina”.olone  Pihydrochlori.de 


N-CHoCCH" 


102 


I t 


T 


I 

1 


I 

I 


MO- 351  (AU- 931728;  WB-5-144C) : 

5 - Pi  pe rony 1 -2 , 4 - th i ato 1 i d i ned i one 


MO-352  (AU-93237 ; PM-I-95-l); 

7-Ch.lon.'-4-(4-diethy]tunino-l-metliylbutyl}Uinno)-l  ,5- 
naphthyridine 


MO-353  (Ali-03:Mt>;  IV-ni-.lll) : 

cis-3-  [2-0xi>-3-(3-m«'thoxy-2-piperIdyl  )propy  lj  -7 ,0-mi't.hy  lono- 
dioxy-4-qu i nnsolom?  hydroch lor i do 


103 


MO-354  (AV -80039;  PM- I -97-1 


5-0xo-6-phenylhexanoic  Acid 


MO-355  (AV -80002 : DM-I-96-1 


5-Hydroxy-6-phenylhexanoic  Acid  ft -Lactone 


MO-356  (AV -80011;  DM-I-99-1) 


2-Met.hyl-7-phenyl-2,6-heptanediol 


5-Hydroxy-5-methyl-6-phenyl hexonoic  Acid  6 -Lactone 


MO-358  (AW -20912;  DM-I-101-1 


N-  Bu  tyl  - 5 - hyd  roxy-  5 - me  t by  1 - 6-  phe  ny lhe  x ami  de 


MO-359  (AW-2092J ; DM-I-104-1 


Q'-[(l-M.'lhyl-2-piperidi'lmethyl)nminomethyl]-6-bromo-9-phenanthrene 

methanol  Di hydro chloride 


M0-5G0  ( AW -c’OQ.iO ; DM-l-JOG-l) : 


MO-363  ( AW-4!»a*.!.:  WD-7-59C 


6 -Bromo  -a  1 -buty  ry  1 p I per  i ily  L )]  -9  -phennnthrcnemethanol  Butyrate 


l3-(CH2)2J-0 

ch 


MO -36  4 ( AM  -45006 ; WB-7-65B) 

6 -Bromo -a  - |2-(  1 -butyl  piper  idyl  )J  -9-phontuithrenmethnnol  Hydrochloride 

H°t»0 

( CHp  k -CIL 

t ! i coo  •tiro 


MO-365  (AW -9 1984,  WB-6-84-4B) 

S,S-Bis[l-(  6-bromo-9-phenanthryl)-2-diheptylfuninq]  ethylphosphorotetra- 
thioate  Dihydrochloride 


107 


MO  -,W.  ( AVI  -».l  1 *!*.»*> ; WH-7  -M  ) 

G -Bromo -a -( C -py r lily l ) -0 -phoniinthronomothniwl  Moth iod l do 


MP-«V»7  (AX-:W/;  WH-V-hiiD) : 

6 -Bromo -ar - Q? -(  l -methy Lplpor i ily  l )3*>* -phoimnthreiioMethnno  1 Hydroclil or l do 
Homlhydrnte  ( lower  molting  Isomer  of  MO -5 60 ) 


•Hci'  l/ei^o 


S ,6-Bichlo ro-«-(2-p.lper.ldy  \ ) -9-phonanthronomrt  hnnol  Hydrochloride 
(higher  molting  isomer  gf  Nodiff's  compinmd) 


•HCI 


3,  6-Dlchloro-or-(2-plperldyl)-9-phenant hrenemet hanol-C14  Hydrochloride 


3,6-Pichloro-a-(d  i -n-heptylani  i nomoUiyl)-9-phonHnt  hrenemet.  hanol-C^4 
Hydrochloride 


^(ClU)G-CH;f 


cv_  [N-(5-Amhio-2-met,hox.vheii^yl)-N-elliyl  }unlnomelliy.l-H-bi*omo-H-phenmiihreiu 
methanol  Dlhydrochlorjdo 


3>fi-Dlcldoro-<Y-(2-pi.peridyltm>Uiyl)-9-phenmithrc,nem<>t,hnnol  Itydrochlor Ide 


MO-575  (rC-IV-50) 


5,6-I)ichloro-a,-(di-n-lmtylam  Lnomotliyl)-9-phcnanthrenemethanol-C^  ^ 
Hydrochloride 


(CH  )5-CH3 


MP-570  ( AX-50700:  PM-  1-114-1 ) 

0-Bromo-O'-}  5-[5-a7,abicyclo(5*2-2)notiyl]  j-9-phenanthrenemethanol 
Hydrochloride 


MO-577  (AX-58V97;  ]V-n~l7) 

5,6-Bir.(  tr  ifluoromcthyl ) -o-(  cyclohexylam  inoinot  hyl)-9-phenanthrenemethanol 
Hydrochloride 


HO. 


CHo-NH-/  \ 


MO- 378  (AX- 878 M',;  PC-IV-lOB) 


3,6-Ris;(  trlfluoromelt>yl)-Q’-(  iF>o-propylamlnoinet.liyl)-9-phenanthrenemethauol 
Hydrochloride 


MO- 379  (AX- 8781 8;  PC-  I\>-4(\b) 


3,  6-Bir.(  trif  luorometl\yl)  -a- ( Iniiylaniinomethyl  )-9-phenantlirenetuethanol 
Hydrochloride 


CH ' 


*HC1 


MO-  380  ( AX-P7954  ; DM- 1-1.17-1) 

6-Promo-0’-(  N,  N-octamethyleneani  lnornethy.l)-9-phenant  hrenemethanol 
Hydrochloride 


o 

•HC1 


1 12 


mq-3bi  ( ax-pmoo  i ; ir-iv-M’) 

3 ,G-  Bis-(  trifLuoromethy]  ) - or-  ( 1 - e tl  iy  1 p r opy  1 am  i noine  thy  1 )-9-phenanthrene- 
methanol  Hydrochloride 


110  CHp-  Nil-  CH(  CH2CH3  )z 
'cil'  .HC1 


MQ- 380  ( AX- 28GB:71 ; PM-  I-  .118- 1 ) 

6-Rrorao-cy-  (endo- 2- norbornylamino  )- 9- phenanthrene  methanol  Hydrochloride 


^CHp 

C1I  VN 

1 H 


MO- 333  (AX- 29812;  PC- IV- 50 ) 

3,G- Bis( trifluoromethyl )-q" ( 1-propylbutylaminomethyl )-9- phenanthrene- 
methanol  Hydrochloride 


CH-CHp- 


[?-  Nil-  CH(  CH0-CH2-  Oils  )•-. 


i 


MO- 384  ( AX- 00801 ; PC- IV- 33) 

3,C>-  Bis(  t r i fluoromethyl )-»-(?-  pi]>er  idylme thyl  )-9-phenanthreneraethonol 
Hydrochloride 


MO-385  (AX-64713;  PC-IV-5) 

3, 6-Dichloro-cy- ( diheptylaminomethyl ) - 9- phenanthrenemethanol 
Hydrochloride 


MO-386  (AX-66600;  PM-I-115-l) 

N-(5-Acetoxy-l,l-dimcthyl-6-phenylhexyl)butyriiroide 
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MO- 587  (AX-OCdUO;  lW-I-:i.J3-g) 

b-  ( O-Hromo-'.t-phoiumt.hi'yl  )-3,  4 - tetriuuoUiyleni 'Oxuzoline-2-one 


M0-38(\B  (AX-84731;  TC-IV-'.'l ' 


3, 6-Diehloro-cv-(2-piperidyl)-'J-phenanthreneinethanol  Hydrochloride 


HO 


MO- 5 721  > (AX- 8478.’:  rc-lV-3-l) 

3, 6-Diehloro-cv-  ( dibutyl:uninomeUiyl)-0-phenunthronemet.hiuiol 
Hydrochloride 

(CH>) 3-8H3 

HO  ^CHp-  N- 

NC11  '(CH2)  3-CH3 


3>6-Dichloro-Qf-(cyelohexyltuninoraethyl)-9-phonunthrenemetlianol 

Hydrochloride 


MO- 389  (AX-  68033;  VC-  IV- 90 


3,6- Bis(  trifluoromc  thyl )-«-( propyl  aminome  thy.1  )-9-phenanthrenemetlianol 


Hydrochloride 


MO- 390  (AX- 6804 


6-  Bromo-or-  [P-  ( 1,2,3,4-te trnliydroquinolyl  )^-9-phennnthrenemethnnol 


mo- 3'.)  i (AY-r.i:vm;  rr-v-s) 


3,6-Ria(  tril’InoroinethyT  )-<>-  (-1  - die thoxybu tylaminome thyl  )-9 
phemuiUirenercu-thanol 


MO- IMP  ( AY-  f. ! 7 ; VV-  TV-OS  ) 


?>,6-Bis(  tri l'luoromothy.l  )-o-- ( PL-  l-enrbomutlioxy 
phonnnthivnemethnnol  Hydrochloride  (hiphor  me 


MO-  .VM  ( AY-  u M ' ; DM- 1-  IPS-  1 ) : 

?,G-  Hi  s(  trifluorome Uiy  1 )-ar-(?-decaliydroquinolyl  )-9-phenanthrene- 

raeth.nnol 


MO- 395  (AY-tvWP;  PC-V-5): 

J,6-  Bis(  trifluorome  thy. I )-o-  ( L-  l-earbomethoxy-P-methylpropylfunino- 
me thyl )-9- phenanthrenemethanol  Hydrochloride  (higher  melting  isomer) 


MO-396  (AY-64S4Q;  PM- 1-126-1); 
1 ,4-Dimethoxynnphth;ilene 
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MQ-400  (AY-64779;  PC-V-23): 


3 , 6-Bis  ( t ri  f 1 uoromethyl ) -O'-  ( methyl  ami  nome  t hyl ) - 9-phenant  lire  ne- 
methanol  Hydrochloride 


HO  CH2-NH-CH3 


’ HCl 


M0-401  (AY-64760;  PC-V-23): 

3 , 6-Bis (tr if luorome thyl) -q- (ami nomethyl) -9-phenanthreneme tha  nol 
Hydrochloride 


MO-402  (AY-91386;  DM-I-135-1): 

O'-  (4-Chlorophenyl)  -o'-methyl-A-piperidinemethanol 

CH3 
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4-[  1 - (4-Chloropheny  1 ) -1-eth  oxy  ethyl  "]pi  per  cl  i no 


MO -4 04  (AY-9S57  1 ; DM-1-U7-1): 

o'-  (4 -Oh  1 oropheny  1 ) -cv-clhy  1 -4-pi  per  i dinemo  I Hanoi 


MO-403  (AY  -9ri‘>80  ; l'C-V-32)  : 

1-  (4-l)i ethy larai no- 1 -me  thy lbn ty l ami  no) - 3 -met hoxy naphtha  lone 
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4-[l-(4-Chlorophenyl)-l-methoxypropyl Jpiperidi nc  Hydjochloride 


C2H5 

ci-0?-0 


NH  -HC1 


OCH3 


MO-407  (AY-9bl  21 : 1*1-1-138-1): 

3-  (4-Diet  h ylami  no- 1 -me  thy  lbutylamino)- 1-mot  hoxynap'hthalene 

CH3 

NH-CH-(CH2)3-N(C2H5)2 


OCHt 


MO-408  (AY-986511 ; DM- I -144-1)  : 

4 -[o-  (4-Ch  1 orophcny  1 ) -o-  (3-d  into  thy  laminopropy  1 ) ]pi  per idinemethanol 
Kumnrnte 


Cl 


ch2-ch2-n(ch3)2 
ch2 

-TU-T'. 


\=y 


NH 


•C4H6O4 


OH 
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MO- A 09  (AY-99695;  DM- 1 -149-1 ) : 


4-(  ((v-Propoxy ) -£-ch lorobenzy  1 ^piperidine 

ch2-ch2-ch3 


0 


MO -4  1 0 (AY-9t>9:’6  ; DM-T-151-?): 

4 - [ (n-me  t lioxy-o  -me  t liy  1 ) -j>-eli  1 orohcnzy  1 ]p  i per  id  i nc  Hydrocli  lor  idi 


0C1I , 


• 1IC1 


MO-411  (AY-69935 ; PC-V-45) : 

3 , 6-Ui s (Tr i f 1 norome t hv 1 ) -o - (3-pi  peri dv 1 ) -9-phenant hrenemet h.mol 
tlvdroch  1 or  l de 


MO-412  (BB-41189;  PC-V-49): 


3 ,6-Bis  (Tri fluoromo thy  1 -o'- (3-piper  idyl) -9-phenant hr enemetha no  1 Hydro- 
chloride Slower  melting  isomer; 


H 


HO 


CH 


. HC1 


MO-413  (BB-41563:  PC-V-59) : 

3.6-Bis(Tri f 1 uorome thy l)-o-(4-piperidyl ) -9-phonanthreneme thanol 
Hydrochloride 


MO-414  (BB-41670;  DM-II-3-2): 


4-[  (nr-Ethoxy-or-ethyl) -£-chlorobenzyl]pipcridine  Hydrochloride 
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MO-4 1 5 (BB-41689;  DM-II-6-1): 

4-[  (nr-Ethoxy-a-methyl)-£-fluorobenzyl]piperidir\e  Hydrochloride 


MO-416  (BB-4721 1 ; DM-I1-10-1): 


4-[  (nr-Methoxy-o 1 -methyl  )-j>-  (trif  luoroniethyl  )henzyl]piperidine 
Hydrochloride 


MO-417  (BB-43030 . DM-II-13-1) : 


4-[  Qy  -Ethoxy -tv  -methyl ) -g_-  (t  r if  luoromethy 1 ) benzyl]  piperidine 
Hydrochloride 


F„C 


NH-HC1 


r 


HO-418  (BB-44055:  PC-V-63) : 

4-Ace tamldo-1 , 2 -di ace toxy naphthalene 


HO-419  (BB-44064;  WB-B-93A) : 

2-(£-Fluorophenyl)-2-(4-plperidyl)tetrahydrofuran  Hydrochloride 


MO-420  (BB-47449 ; DM-II-15-1) : 

2-Phenylpyr ido[3 ,4-43"! ,3-oxazin-4-one 
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MO-421  (BB-4S605;  DM-I-139-3) : 


4-[ l-(4-Qtlorophcny 1)-1 -olhoxypthy l^pipor Id Ine  Funurat< 


ch3  ch3 


‘c4' 


MO-422  (BB-480 9 0;  PC - V - 8 6 ) 


3,6-Bis(trif luoromethy 1) -o - (propy laminomethv 1 ) -9-phonanthrencmet hanol 
Methyl  Ether  Hydrochloride 


ClljO  - CD  -C»2  -Nil  -C»2  -Cll  j 


> V 


MO-423  (BB-48428;  DM-11-22- 1) : 


4- [ (n- (Ethoxy -"-met hv l ) -£-ch 1 orobcnxy 1 ]- 1 -met  hv 1P i per  id ine  Fumara t e 


I / \ 

CH3-CH2-O-C/  N -CH  1 

aV/  3 


■ C4H4O4 


r 


i t 


MO-424  (BH-48437;  DM-I1-26-1) : 


4-f (a-Methoxy -a-me thy  1) -£-f luorobenzy 1 ]piperi dine  Fumarate 


IVx 

CHvO-C-(  NH  -0^404 


MO-425  (BB-48446 ; DM-II-27-1): 


4-[(Q'-E  thy  l-a-methoxy)-£-f  luorobenzy  l]piperidine  Fumarate 


CH2-CH3 

•°tOh 


• C4H404 


MO-426  (BB-49434 : DM-II-31-n; 


4"f (o-Ethoxy -O' -methyl) -£-chlorobenzy l]-l-methy lpiperidine  N-oxide 
Hydrochlor  ide 


CH3-CH2 
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I 


MO-427  (nC-OfeS78;  WB-9-45A) : 

2-(£-Chlorophenyl)-2-(2-piporidyl)tetrahydrofuran  Hydrochloride 


■ HC1 


MO-428  (BC-0frb7(>,  nM-11-30-1): 

4- [(or-Ethoxy-<y-methyl)-j> -chlorobenzy  1 ]-  1-methyl- 1,2, 3,6- tctrahydro- 
pyridine  Fumarat  e 


MO-429  (BC-07351;  WB-9-39D) ; 

2- (j>-Chlorophenyl)-2- (3-pipcridy 1) tetrahvdrofuran  Hemifumarate 


a 


-n 

' — Nil 


• I/2C4II4O4 


Cl 
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J 


I F 


I 

I 

I 

I 

I 

I 


I 


I 


*• 


L 


•» 


i 

i 

i 

i 

i 

i 


* 


Ho-yn  (iw:-(vm'»(.8;  vm-q-52) : 

]>-Chloro-2-  (2 -pi per idy  l ) acetophenone  llvdroch lor i do 


•HC1 


MO-434  (BC-584Q1;  PC-VI-9)  : 


3, b-Bis(trif luoromethvl) -a- ( 3-piper idy 1) -9-phcnanthronemethanol 
Hvdrochlorido  (lower  molting  isomer) 


•HC1 


MO-435  (BO- 590 24;  WB-9-80C) : 

2- (p-Ch loropheny 1) - 2- (4 -piper idy 1) - 1 , 3-dioxolane  Hydrochloride 


3VQ. 


I • HC1 


1 11 


9 


MO-436  (BC-59211 ; DM-II-38-13: 


4-[l-<£-Chloropltcnyl)-l-ethoxyethyl  ] - 1-ethy lpiperidine  Fumarat( 


fc2H5 


■c2h5  -C4H404 


MO-437  ( BC-99420 ; PC-VI-63 • 


2- [3,6-Bis(trif luoromethy 1) -9-phenanthry 1 ]-2-(4-piperidyl) tetra- 
hydrofuran  Fumarate 


* 'c4H404 


MO-438  ( BC-99439 : DM-II-39-n. 


3- f (£-Chloropheny 1) - 1-ethoxyethy 1 piperidine 


'OpQ 

62H5  H 


MO-439 (BD-23752:  WB-8-40R^ 


N-l-  (4-Bromonaphthyl)acetamide 


0 

NH-fc-( 


1 32 


MO-444  (BD-23805 ; DM-II-23-1): 


A-  [1-  (j>-Fluoropheny  1)  - 1-methoxyethyl  pyridine 


6h3 


MO-445  (BD-27170 ; PC-VI-38): 

1“ (£-Chloropheny 1 )-l- (4- piper idyl) butanol  Furaarate 


MO-446  (BD- 27189;  WB-8-65B); 

4- Dime thy 1 amino- l-(4-chloro-l-naphthyl)-l- (4-pyridyl) -1-butanol 


MO-447  (BD-27625 : PC-VI-41'); 

l-Acetyl-4- (£- chlorobenzoyl) piperidine 
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0 


I 

I 

1 


I 


1 


MO-448  (BD-27634;  Wn-10-19C): 


1- (j>-Chloropheny 1) -4 -dime thy 1 amino- 1- (2- pyr idy lmethyl) butanol 


MO-449  (BD-27803;  PC-V1-42) : 

l-(jl_Chlorophcny  l)-l-(4-pyridy  1)  butanol 


M0-450  (BD-27796 : WB-10-22B): 

£-Chlorophcnyl  3-Dimethylaminopropy 1 Ketone  Hydrochloride 

(ch2)3-n(ch3)2 

O-fc 

T "C1 

MO-451  (BD-27787;  CW-7-10): 

4- (£-Ch loro phenyl) -7-dimethyl amino- l-hepton-4-ol  Hydrochloride 


135 


136 


HO-455  (m>-54220;  CW-30-12 


3-Amino-3-tetruhydrofuraucarboxy lie  Acid 

NH2 

I C02H 


MO-456  (BO-54453;  PC-V1-58): 


l-[2,8-Bis(tri f luoromethy l)quinoly 1 J- 1- (4-piperidy l)et hanol 
Ethyl  Ether  Fumarnte 


1 /X 

CH3-Cll2-0-C-^  N»  *048404 


N ^CF  ; 


MO-457  (BD- 54462;  CW-19-25) 


(5-Methy 1-2,3 ,4, 5-tetrahydrofur-2-y l) glycine 


XX 


ch3  ' ^0  ch-co2h 


MO-458  (BD-54864;  WB-10-53B) 


5-Fur  fury  1 idenchydunt oin 


o 


O''  CH 


MO-459  (80-548  73;  f.W-38-221 


JTJL 

6 


5 - (5-Elhy liur-2-y l)hyda ntoi n 


HI 

CH3-CH2^0'^Y 


MO -MO  (UP -33101  ; VC-V\-bU\  : 


£-Chloro-2-mct  hoxy acetophenone 


r \ 0 
7 \\  i' 

'VC-CH2-O-CH3 


MO -4b 1 (RD-55110;  CW-43- 1 1 1 


(5-K thy lfur-2-y l)glycine 


CH3-CH2 


MO-4b2  (BP-5b7bO;  PC-Vl-bb)  : 


2 - A c e t oxy -£- c h 1 or  oa  c e t op  he  no  n e 


7-C-CH2-0-^- 


0- 3b 7 79 ; PC-Vl-bSl : 


2-Bonzyloxy-£-chloroacetophenone 


{ V-CH2-O-CH2/  ^ 


MO- 4b 4 ( BO- 3b 7 88:  PC -V1-U71  : 


£-Ch  loro -2 -hydroxy acetophenone 


n// 


-CH20H 


I 


5- (5 -Mo thy  1 fur  fury l ideneJhydnuLo in 


5 - Fu  r f u r y l i do  ne  - 2 - 1 h f ohy  dan  t o i n 


r 


i 


i 


i 


MO  473  U<0-r»972.5;  WB-10-84): 

1 ,3-Diazaspirof 4. 4]-2,4-dioxononanc-b- carboxamide 


CON  Ho 
/ H 

I \ u-c-o 


LAI 


n 

0 


MO-474  (UP- 59 734 ; WR-10-87A) : 

5- (5-Methy I-2-thieny l)hydantoin 


r 


i 


MO-477  (BE- 12174;  W- 10-94): 

(5-Methy 1-2- thienyl) glycine 


MO-478  (BE- 1 2183 ; WB-IO-97): 

8- Ethoxy-cy-  alanine 
ai3-CH2-0-CH2-CH-C02H 

nh2 

MO-479  (BE-13153;  WB-11-11B): 

3-Isopropoxyalanine 

CH 

J^CH  -0-CH,—  CH  — CO-iH 

ch3^ 

MQ-480  (BE- 13868 ; PC-VI-82) ; 

2, 8-Bis (trif luoromethyl) -or- ( 3-piper idyl)-4-quinolineroethanol 

Fhmarate  (Higher  melting  isomer) 

•C4H404 
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T 


2,8-Bis(trif  luoromethyl)-Or- (3-pyr idy 1) -4-qui nol inemethanol 


HO - 48 2 (BE- 16930:  WB-11-15A): 

Ethyl  Tetrahydrothienyl-2-carboxylate 

-o-ch2-ch3 

MO-483  (BE- 16949:  Y-I-51): 

N-(4-0xohexyl)phthallmide 


il  0 

\ II 

N-CH2-CH2-CH2-C-CH2-CH3 


MO-484  (BE- 16958;  PC-VU-12): 

<y-£-Chlorobenzoyl-Y-butyro  lactone 


MO-485  ( BE- 169b7 ; Y-l-79)- 


g-(6-Amino-3-hexy  lamino)  - 6-inethoxy  -4 -me  thy  lqulnoline 
Diphosphate  Dihydrate 


MO -48b  ( BE- 17535 ; PC-VII-17): 

crAcety 1-cr  (£-chlorobenzoyl) -y-butyrolactone 


MO-487  (BE-17544;  WB-11-40C1: 

,N^ -Diethyl -N^- (3 ,4-dimethoxypheny 1 ) -1 , 4-pentanediamine 


CH3 


H-CH-CH2-CH2-CH2-tC 


CH2-CH3 

ch2-ch3 


MO-491  (BE-18014;  PC-VII-25): 


2 -(p-Chlorophenyl) tetrahydrofuran-2 -carboxaldehyde  Semicarbazone 


MO -492 (BE -18023;  Y-I-90): 

2 -Amino-2 -(3-methyl-2 -furyl)acetic  acid 


//  V 

"O' 


CH, 


CH-CO-H 

I 2 

NHo 


MO -49 3 (BE -18103 ; Y-I-94): 

2 -Amino -2 -(3-methyl -2 -tetrahydrofuryl)acetic  acid 


MO-494 (BE -19995;  Y-I-95): 


6-f ( 5- Die thy lamino- 2- pentyl ) amino Iquinoxa line 


OH  3 

dH-(CH2)3-N(C2H5)2 


MO-495(BE -45119;  PC-VII-35): 

2 -Methoxy-5 -ni tro -N- ( 1-pht ha limido-4- pentyl )anil ine 


OjN-//  y-OCH3 
X ^NH 

CH3-CH-(CH2)3- 


MO-496(BE -45128;  Y-II-11): 

6- (N-Ace t amide) - 7- me thoxyquinoxa line 


I 


OCH' 


-C -CH3 

B 

MO- 49 7 (BE- 50030 ; Y-II-20): 

6 -[(5 -Die thy  1 amino- 2 -pentyl ) amino] -7 -me thoxyquinoxa line 

OCH, 


CH3-<!ni-(CH2  )3-n(c2h5)2 

M0-498(BE-66J87;  Y-II-2M: 

2-Bromo -4, 5 -dimethoxy-N-(5-diethy lamino -2-pentyl )ani line 
CH,0v^T\^Br 

XiC 

CH3-iH-(CH2)3-N(C2H5)2 
MO -499 (BE -664 S8 ; Y-II-2): 

4 -Me  thoxy-2 -n i troace  tani 1 i de 


ch3o 


NO, 


NH-C  -CH-i 

I 


147 


MO- 503 (BE- 66798;  PC-VII-40) : 

3-Acetamido-N-[ (£-chloro-l-methyl)benzy lidene 1-4-methoxyaniline 

CHi 


CH3O 


CH3-C-NH 

0 


N=C  -O 


MO- 504 (BE -66805;  Y-II-28): 

4-Methoxy-2-nltrotri f luoroacetanil ide 


CH3° 


NO- 


NH-C-CPn 


J 


148 


! 


MO- 505 (BE- 55884;  Y-1I-49 


2-Bromo-4 


5-me thy lenedioxy-N- (5 -die thy lamino- 2-pentyl )ani line 


5-Methoxy-2  - (t  ri  fluo  route  thy  1 ) benzimidazole 


MO- 507 (BK-57584;  PC-VII-48 


Diethyl  ani linome thy  1 enema lonate 


NH-C1I-C  (0000285)2 


Ethyl  4 -hydroxy- 2 -quinolinecarboxy late 


MO - 509 (BE-58787 ; P0-V11-51 


Ethyl  4-ch loro- 2 -quinolinecarboxy late 


N-Acetyldehydroleucine 


CHo-CH-CH=C-COoH 
3 I | 2 

ch3  ^ 


CO-CH. 


MO-511 (BE -58803:  Y-ll-A) 


2-Acetamidoacry lie  Acid 
ch2=c-co2h 


CO-CH, 


MO-512(BE-58812:  Y-ll-68): 


2-  (j>-Chlorobenzamido)crotonic  Acid 


ch3-ch=c-co2h 


MO- 5 13 (BE -588 21 : Y-ll-64): 


N- (jj-Chlorobenzoyl)  -D,  L-threonine 


CHo-CH-CH-COoH 

3 | I 2 

OH  NH 


C=0 

6 

T 

Cl 


I 


I 

I 

I 

I 

I 


N-  (Chloroacety 1) - D,L-  leucine 
-Cl 

l 


ch3-ch-ch2-ch-co2h 
!rH3  NH 


ch2ci 


MO-515  (BE-76061 ; PC-VII-53): 

Methyl  4-Methoxy-3-quinolinecarboxylate 


MO-516  (BE-76070;  WB-11-72A): 


N- (2-Nltro-4-anisvl) -£-toluenesul fonamide 


MO-517  (BE-76089;  Y-II-67): 

2- (£-Ch loro phenyl) -4- ethyl ldeneoxazol - 5 -one 


MO-518  (BE-77817 ; BW-11-73B): 


N- (3 ,4-Dimethoxyphcny 1 ) -£-toluenesul fonamide 
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MO-519  (BK-77826;  PC-VI1-58): 


Diethyl  Anilinomethy lenesuccinate 


h5c2o2c  ch2-co2c2h5 


H 


1 


MO- 520  (BE-82756;  WB-11-75B): 

N- (4, 5-Diraethoxy-2-nitropheny 1 ) -£-toluenesul fonamide 
CH30^  ^ ^ NO, 


ch3o 


nh-so2-</  x)-CH 


MO-521  (RE-76034;  PC-VII-59): 

Ethyl  4-Hydroxy-3-quinolyacetate 

OH 

.ch2-co2c2h5 


MO-522  (BG-04029;  WB-11-88B): 


5, 6- Dime t ho xybenz imidazole 
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MO-523  (BC-04038:  Y-II-92-2): 


2-Iodo-3-methoxypyridine 


N I 


MO-524  (150-04047;  Y-I-21-1); 


2- (Phthalimi do )bromoe thane 


N-CH  -CH  -Br 
/ 2 2 


MO-525  (150-09202;  PO-VTI-74); 


3-Bromo-4-hydrojcyquinol*  ne 


MO- 326  ( 150-092 1 1 ; 0C-II-  31); 


Diethyl  (m-chloroani  lino)methylenemalonatc 


11c^C20tC 


< C02C2H5 


Ethyl  7-chloro-4- hydroxy-3-quinolinecarboxylate 


MO-528  (BG-10769;  PC-VII-76): 

3-Bromo-4-methoxyquinoline 


MO-529  (BG- 1 1640;  PC-VII-75): 

3-Bromo-4-chioroquinoline 


Cl 


MO- 5 30  (BG-11659;  PC-VII-63): 


3-Dimethylaminocarbonyl-4-methoxyquinoline 


MO-533  (BG-44201 ; PC-VIII-9): 


4 -Dime thy  lami.no- 3 -quinolinecarboxa  ldehyde 

N(CH3)2 


MO-534  (BG-44210;  PC-VIII-12): 

4-Chloro-3-qulnolinemethanol 

Cl 


MO-535  (BG-46885;  Y-3-84) 

6-Methoxy-4-methy 1 -8- ( l-propyl-4-aminobutylamino) - 
quinoline  Diphosphate  Dihydrate 


CH-, 

X 3 

CH„0 

V 

^ ,2H3P04-2H20 

NH 

ch3-ch2-ch2-ch-ch2-ch2-ch2-nh2 


MO-531 (BG-21904;  WB-12-18c): 

l-(5-Diethylamino-2-pentyl ) -5, 6- d i me thoxvbenz imidazole 


gh30 


CH3-CH-(CHJ3-N(C,H5), 
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T 


MO-53 2 ( BG- 39059;  WB-12-24): 

1- (5-Die thy lamino-2-pentyl)-5-methoxybenzimidazole 


CH  0 


CH, 


Jh-(ch  ) 


2'3  N(C2H5)2 


MO-536  (BG-60705;  PC-V1II-35): 

4 , 7-Dichloro-3-methy lquinoline 


MO-537  (BG-6071A;  PC-VIII-34) : 

7-Chloro-4-hydroxy-3-me thy lquinoline 


OH 
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i r s 


T 


) 


I 

I 

I 

I 

J 


l. 


T 


4« 


MO-546  (3G-78793 ; PC-VIII-61): 

l-Anino-6-methyl-5-nitropyridine 


MO-547  (EG— 39344;  PC-VIT.I-78') : 

4-(5-Diethylamino-2-pentyl)amino-l-r::ethyl-2-oxo-l,  2-dihydro- 

p.aphthyridine  Hydrate 

Cr3  //CH2-CH3 


MO-548  (-BG-94890:  S-I-35): 


1 


n r 

1 


(2-Ietrahydrofury 1 idene) -y-butyrolac tone 


0 


MO-54?  (BH-03027 ; PC-VIII-80) : 

7 -Ch loro -4- (5 -diethy lamino - 2- pentyl) amino -1-methyl- 2-oxo-l  ,2 


-dihydro- 


MO-550  (BH-03036 ; PC-VIII-78 


4 ,7-DichLoro-2-methoxy-l ,5-naphthyr idine 


MO-551  (BH-03045;  S-I-77 


4- Hydroxy- 2 -( tr if luoroacetyl) butyric  Acid 


CF3~C-^H-C02H 
0 CH2-CH2-OH 


BH-03054:  PC-VIII-81 


2-Chloro-6-methyi-3-nitropyr idina 


MO- 5 5 3 (BK-07310;  PC-VIII-84 


6-Chloro-2-methyl-3-nitropyridine 


MO-554  (BH- 10479;  PC-VIII-85 


6-Amino-3-bromo-2-me thy 1 pyridine 


MO-557  (BH-17601;  PC-IX-4) 


2-Jfethyl-6-  (phthalimido)hexan-3-one 


2-Hydroxy- 2-me thy l-6-ph t ha limidohexane 


MO-559  (3H-31209 : PC-IX-14) : 


4-Methyl-6-methoxy-8- ( 1- isopropyl-4- aminobutylamino )- 
quinoline.  Diphosphate  Dihydrate 


(ch3) 2ch-ch-(ch2) 3-nh2 


•2H.P0. • 2H  0 
3 4 2 


MO-560  (BH-35243 ; PC-IX-9): 


3-Hydroxy- 2-ne thy 1-6-phthalinidohexane-jD- to luenesulfonate 


MO-551  (BH-35252:  PC-IX-C71 : 


2-Hydroxy— 5— ph thalimido— 1 , 1 , 1- trif luoropentane 
j)- toluene  sulfonate 


cf3-^h-(ch2)3-n 

°S\ 


SO, 
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C.  C.  CHENG 

Principal  Advisor  for  Chemistry 
Program  Manager,  Medicinal  Chemistry 


Dr.  Cheng  has  over  20  years  experience  in  synthetic  organic  chem- 
istry and  medicinal  chemistry.  In  his  present  position,  he  plans,  coordi- 
nates and  manages  the  research  and  development  activities  of  programs  on 
biologically  active  compounds. 

He  and  his  associates  perform  research  projects  for  a variety  of 
corporate  clients  as  well  as  for  various  government  agencies.  These  projects 
encompass  the  areas  of  the  synthesis  as  well  as  the  structural  and  biological 
evaluation  of  antibiotics  (toxoflavin,  fervenulin,  bacimethrin,  echinomycin, 
streptonigrin,  etc.),  alkaloids  (camptothecin,  coralyne,  nitidine,  ungeremine, 
etc.),  vitamin  analogs  (thiamine,  riboflavin,  pyridoxine,  folic  acid,  etc.), 
alkylating  agents  (nitrogen  mustards,  aziridines,  etc.),  antimetabolities , 
herbicides,  nucleic  acid  derivatives,  heterocyclic  compounds  (pyrimidines, 
purines,  pyridazines,  naphthyridines , phenothiazines , 1 ,2  ,4-triazines , 1,2,5- 
triazines,  pyrazoles,  pyrazolof 3 ,4-d]pyrimidines , pyrimidol 4 , 5-fcJdiazepines , 
isoxazoles,  1,3,4-triazoles,  etc.),  mesoionic  compounds  (sydnones , y -1,2,4 - 
triazoles,  etc.),  and  others. 

Before  Joining  the  MR1  staff  in  1959,  he  was  a research  associate 
in  the  Department  of  Chemistry  at  Princeton  University,  where  he  conducted 
research  on  the  synthesis  of  purines  and  pteridines.  Prior  to  that  he  spent 
three  years  as  a research  associate  in  the  Department  of  Chemistry  at  New 
Mexico  Highlands  University  where  he  conducted  research  on  the  synthesis  of 
pyrazolo[3,4-d]pyrimidine  derivatives  for  cancer  chemotherapy  studies. 

Dr.  Cheng  is  the  author  of  over  150  scientific  publications  per- 
taining to  medicinal  and  organic  chemistry.  As  a member  of  the  American 
Chemical  Society,  he  served  as  a tour  speaker  during  1963-1964  and  1970,  was 
elected  to  the  Editoral  Board  in  1963,  and  two  years  later  became  Assistant 
Editor  of  the  International  Journal  of  Heterocyclic  Chemistry.  In  1967,  he 
was  elected  as  an  Academician  of  the  China  Academy,  Republic  of  China.  He 
was  appointed  visiting  professor  in  the  School  of  Pharmacy  (1967)  and  the 
Department  of  Chemistry  (1972)  at  the  University  of  Missouri -Kansas  City. 

He  has  been  a member  of  the  National  Institutes  of  Health  Medicinal  Chemistry 
A Study  Section  during  1973-1977  as  well  as  a Special  Study  Section.  In 
1973,  he  received  the  MRI  Council  of  Principal  Scientists  "Scier.ce  Award." 
Other  professional  affiliations  include  the  American  Association  for  the 
Advancement  of  Science,  New  York  Academy  of  Sciences,  and  Sigma  Xi,  The 
Scientific  Research  Society  of  North  America.  He  graduated  from  the  National 
University  of  Chekiang,  China,  with  B.S.  in  Chemistry  (1948),  and  received 
both  the  M.S.  (1951)  and  the  Ph.D.  (1954)  in  Organic  Chemistry  from  the 
University  of  Texas-Austin. 
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PING-LU  CH1EN 
Senior  Chemist 


Dr.  Chien  specializes  in  synthetic  organic  chemistry,  radiosyn- 
thesis, medicinal  chemistry,  physiocochemical  characterization,  spectros- 
copy, and  chromatography.  He  has  over  12  years  experience  in  the  syntheses 
of  organic  compounds  for  use  as  antimalarial  agents,  including  1,7-naphthy- 
ridines,  2 ,9-diazaanthracenes , phenothiazines , febrifugine  analogs,  and 
phenanthene  amino  alcohols,  as  well  as  several  labeled  compounds.  In 
addition,  he  has  studied  the  chemistry  of  o-di-t-butylbenzene,  the  photo- 
chemical isomerization  of  di -t^-butylbenzene,  and  synthesized  a variety  of 
steroids  and  bicyclohydantoins.  Currently,  he  is  assigned  to  the  program 
sponsored  by  the  National  Cancer  Institute  for  the  synthesis  of  radioactive 
retinoids  for  metabolic  and  pharmacologic  studies  relating  to  prevention  of 
lung  cancer  and  other  epithelial  cancers. 

Prior  to  Joining  the  MRI  staff  in  1965,  Dr.  Chien  was  a research 
associate  in  the  Department  of  Medicinal  Chemistry,  University  of  Kansas 
from  1964  to  1965,  where  he  conducted  research  in  the  synthesis  of  bicyclic 
hydanturans  and  barbiturates.  From  1955  to  1959,  he  was  a chemist  with 
Union  Industrial  Research  Institute  in  Taiwan.  His  research  there  involved 
the  synthesis  of  2 -ethylhexanol , plasticizers,  and  organosilicone  compounds 

Dr.  Chien  has  published  12  papers  in  his  areas  of  expertise  and 
is  a member  of  the  American  Chemical  Society  and  Sigma  Xi.  He  graduated 
with  a B.S.  in  Chemistry  from  National  Taiwan  University  in  1952,  and  re- 
ceived the  Ph.D.  in  Organic  Chemistry  from  the  University  of  Kansas  in 
1964. 
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SHOU-JEN  YAN 

Associate  Organic  Chemist 


Dr.  Yan  specializes  in  the  synthesis  of  pharmaceuticals,  bio- 
chemicals and  organic  compounds.  He  applies  this  expertise  to  the  synthesis 
of  organic  compounds  for  cancer  and  malaria  chemotherapeut ic  studies.  He  is 
experienced  in  the  use  of  NMR,  IR,  UV,  and  mass  spectrographs  and  paper,  ion 
exchange,  column,  thin- layer,  gas  and  liquid  chromatography. 


Prior  to  joining  MRI  early  in  1974,  Dr.  Yan  was  a postdoctoral  re- 
search associate  at  the  University  of  Georgia  where  he  was  involved  in  stereo- 
specific  synthesis  of  deuterium- labeled  intermediates  for  the  study  of  ster- 
eochemistry of  enzyme  reactions  and  the  total  synthesis  of  lycorine  alkaloids. 
From  1968  to  1973,  he  conducted  research  for  his  Ph.D.  dissertation  on  the 
determination  of  absolute  configuration  of  amino  acid  bio-synthetic  inter- 
mediates by  chemical  correlation  and  stereospecific  synthesis  of  deuterium- 
labeled  substrates  for  enzyme  reactions.  Specifically,  his  dissertation  was 
concerned  with  stereochemical  aspects  of  isoleucine  and  valine  biosynthesis. 
Prior  to  that  he  was  research  chemist  at  the  Institute  of  Chemistry,  Academia 
Sinica,  Taiwan  from  1964  to  1968  where  he  synthesized  a variety  of  organic  com- 
pounds, explored  new  organic  reactions,  and  isolated  and  identified  natural 
products  from  a plant  in  an  attempt  to  produce  pharmaceuticals  that  might  cure 
ulcers. 


Dr.  Yan  has  13  publications  in  his  areas  of  expertise.  His  profes- 
sional affiliations  include  membership  in  the  American  Chemical  Society,  and 
the  Chinese  Chemical  Society.  He  received  the  B.S.  in  Chemistry  (1965)  from 
National  Taiwan  Normal  University  and  the  Ph.D.  in  Organic  Chemistry  (1973) 
from  the  University  of  Georgia. 


WILLIAM  H.  BURTON 
Associate  Chemist 


Mr.  Burton  specializes  in  organic  synthesis  and  the  use  of  in- 
strumental methods  of  analysis  such  as  gas  chromatography  and  spectroscopy. 

In  programs  for  the  Environmental  Protection  Agency  and  industrial  clients 
he  has  developed  methods  for  analysis  of  air  pollutants  including  hydrocar- 
bons, nitrous  oxides  and  ozones.  For  an  industrial  client  he  was  involved 
in  the  separation,  purification  and  identification  of  flavor  components  of 
ground  coffee.  He  contributed  to  the  development  of  insecticides  through 
the  synthesis  and  purification  of  isomers  of  benzene  hexachloride  and  de- 
termined the  relative  effectiveness  of  these  isomers  as  insecticides.  In 
the  area  of  insect  repellents,  he  was  involved  in  the  correlation  of  struc- 
ture with  the  activity  of  the  compounds.  He  was  responsible  for  formula- 
tion of  silicone  elastomers  for  high  temperature  applications  and  the  syn- 
thesis of  high  temperature,  nitrogen-containing  heterocyclic  compounds  with 
a wide  liquid  range.  In  the  area  of  medicinal  chemistry  he  was  involved  in 
the  synthesis  of  amino  acid  analogs  and  nitrogen  heterocyclic  compounds  as 
antitumor  agents  and  the  synthesis  of  various  antimalarial  compounds. 

Prior  to  joining  the  MRI  staff  in  1954,  Mr.  Burton  was  an  assis- 
tant chemist  for  a period  of  two  years  with  the  Ford  Motor  Company  where  he 
developed  complete  analytical  methods  for  iron  ores,  steel,  aluminum  and 
magnesium  alloys.  From  1951  to  1952  he  was  a chemist  with  Sinclair-Valentine 
Ink  Company  working  on  the  formulation  of  printing  inks.  From  1950  to  1951 
he  was  an  assistant  chemist  with  the  Kansas  City  Power  and  Light  Company 
performing  analyses  on  coal,  fuel  oil,  natural  gas,  turbine  deposits,  and 
boiler  water. 

Mr.  Burton  is  coauthor  of  11  publications  in  the  field  of  organic 
chemistry.  He  received  the  B.S.  in  Chemistry  (1949)  from  the  University  of 
Kansas  and  the  M.S.  in  Chemistry  (1963)  from  the  University  of  Missouri- 
Kansas  City. 
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